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FOREWORD

I am pleased to Introduce the 
1985 edition of the Progress Re
port of the Department of Land 
Resource Science (LRS), CUr ob
jective In putting this report 
together Is to provide you with a 
’’birds eye view" of the teaching, 
research and service programs In 
the Department, The report intro
duces the personnel In LRS and 
provides a glimpse of some of the 
exciting Innovations In our pro
grams which are a direct conse
quence of the enthusiasm, creat
ivity and commitment of our 
students, staff and faculty. The 
report Is not Intended to provide 
a comprehensive review of all 
Departmental activities, nor I s 11 
1ntended to provlde detalled re
search reports. Th 1s type of 
Information can be obtained on 
request from the Department I n 
other forms.

Our People:

Three new faculty joined the 
department In 1985, Drs, R.A, 
McBride, R.G, Kachanoskl and R.P. 
Voroney,

Dr, R.A. McBride brings to 
the Department expertise In soil 
science and land use planning, 
Ray’s teaching responsibilities 
will relate primarily to the Re
sources Management major. His 
research program wl I I respond to 
some vital needs at the Interface 
between agricultural land use and 
the management of soils for crop 
production and wl I I be directed 
towards problems of sol I degrad
ation such as compaction.

Dr, R.G. Kachanoskl I s the 
new extension coordinator for the 
Department and brings to the De
partment expertise In soil con
servation and applied soil 
physics, Gary’s extension respon
sibilities Include developing a 
coherent delIvery of extension 
services between LRS and diverse 
user groups In the province. His 
research wl 11 compl ement his ex
tension program and wl I I be 
directed to problems associated 
with tillage, soil physical 
conditions, and soil fertility.

The addition of Dr. R.P, 
Voroney has significantly streng
thened the level of expertise In 
soil biology both within the OAC 
and the Depariment, Paul wl 11 be 
applying this expertise to prob

lems In soil management, especial
ly problems related to nitrogen 
dynamics and the role of soil and 
crop management practices on soil 
structure. Paul also has a major 
teaching commitment In the Diploma 
program.

During the past year Prof, 
T,H, Lane retired, Tom made a 
significant contribution to the 
departmental extension program 
throughout his career and more 
recently was heavily Involved In 
Diploma teaching, Tom's contrib
utions In extension were recog
nized In the past year by both the 
OAC Alumni Association and the 
Ontario Soil and Crop Improvement 
Association (OSCIA). Tom was 
awarded the OAC Distinguished 
Extension Award by the Alumni 
Association and was formally rec
ognized by the OSCIA for his con
tributions to that organization. 
Tom's contribution to teaching In 
the Diploma program was formally 
recognized when the students 
awarded him an "Honorary Diploma 
In Agriculture",

Archibald Scholarship; Christine 
Harding - University of Guelph 
In-Course Scholarship; Chris 
Shrive - Robert NfcCann Memorial 
Scholarship; Stella Thuemen 
Fertilizer Institute of Ontario 
Scholarship; Tim Volk - Robert 
Harcourt Scholarship, Lewis S, 
Johnson Scholarship, OAC Scholar
ship - Sem. 6, and We I I Ington 
County Fish and Game Association 
Pr I ze

Students who were awarded 
graduate scholarships Included: 
Jo-Anne Rzadkl - The Mark B. 
Lapping Award for Academic and 
Personal Growth; Dan Reynolds - 
Morwick Scholarship; Michael 
Graham - Gulf 01 I Canada Ltd. 
Graduate Fellowship; Paul Hopps - 
NSERC Award; David Evans - Soden 
Fellowship In Agriculture; 
University of Guelph Graduate 
Scholarships - Valerie Alder, 
Miriam KalliomakJ (2), Craig Drury 
and Gordon Fairchild; Deparfmental 
University of Guelph Scholarships 
- John Paul, Taras Pojasok, Sean 
McGinn and Alex Campbell,

Enrollments In our undergrad
uate majors remained stable In 
1985 whereas enrollments In grad
uate programs declined slightly. 
The slight decline In graduate 
enrollments provided some relief 
to problems associated wl th a 
severe shortage of space. The 
quality of students admitted to 
the graduate programs remain high.

Research:

Our research programs con
tinue to respond to problems re
lated to the use of land whlha 
Increaslng our fundamental under-*  
standing of this resource. The 
total value of grants and core- 
tracts supporting research In Land 
Resource Science was $2,271,411 In 
1985, This represented $1,219,2815 
from the Ontario Ministry of Agri
culture and Food, and $1,052,1215 
from other agencies. The latter*  
agencies Included the Naturall 
Sciences and Engineering Researci) 
Councl I, Agr 1 cuI ture Canada, Em- 
ployment and Immigration Canada,. 
Environment Canada, Indian and 
Northern Affairs, Ontario Ministry 
of Natural Resources, Ontario 
Ministry of the Environment, Atom
ic Energy of Canada Ltd., Canadian 
Industries Ltd., Cyanamld Canada 
Ltd,, Fertilizer Institute of 
Ontario Inc., Foundation for Agro-

Teach I ng Progr ams:

A significant change In 
course offerings In the OAC In 
1985 was the development of four 
new courses which Introduce B.Sc. 
(Agr.) students to the agriculture 
and food system using an Inte
grated approach. The first course 
deals with land and economic 
resources and the management of 
these resources to produce food. 
The B.Sc,(Agr,) students will no 
longer take an Introductory Soil 
Science course, and although such 
changes always, and Justifiably, 
generate concerns, I believe the 
new sequence of courses will more 
effectively meet the needs of our 
students and the objectives of our 
academic program. We will follcw 
this Innovative approach with a 
great deal of Interest In the near 
future.

Our undergraduate students 
continue to distinguish themselves 
as Illustrated In scholarships and 
awards received. Ian Attrldge, 
Stella Thuemen and Tim Volk re
ceived prestigious Undergraduate 
Summer Research Awards from the 
Natural Sciences and Engineering 
Research Council (NSERC). Add
itional scholarships Included: 
Ron Beyaert - Robert Harcourt 
Scholarship; Julia Cooper - John
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noml c Research, International 
Minerals and Chemicals, Ontario 
Racing Commission, Ontario Turf
grass Research Foundation, Pioneer 
Hl-Bred Ltd., Potash and Phosphate 
Institute of Canada, Potash Corp, 
of Saskatchewan, W.A. Cleary 
Corp., and the On tarlo HerItage 
Foundation. The level of funding 
provided for research In the 
Department was 7.4^ greater than 
that provided In 1984. We 
appreciate very much the financial 
support which Is provided to our 
program by these agencies.

Details on research projects 
which were completed In 1985 are 
provided later In this report. 
The project reports are summarized 

1 n three groups: 1) Land char
acterization, 2) Land Management 
and 3) Land Allocation and Plan
ning. This grouping represents a 
departure from the traditional 
groupings by discipline In the 
department In order to provide a 
more coherent 11 lustration of how 
the disciplines of soli science, 
geology, agrometeorology and land 
use planning Interact In solving 
problems related to land re
sources.

Outreach and service 
activities ranged from local to 
International In context once 
again In 1985,

The department was pleased to 
have two agrcmeteorologlsts from 
Beijing Agricultural University, 
Beijing, China spend two and 
one-half months each In the 
department,

Mr. Dirk Tel offered a six 
week training program once again 
at the Institute of Tropical 
Agriculture at Ibadan, Nigeria. 
The positive reception this course 
receives Is reflected In the fact 
that this Is the sixth time that 
Dirk has been asked to give this 
course In as many years.

At a provincial level Dr. 
Kachanoskl has been heavily In
volved In the development of the 
Tillage 2000 project In 1985. 
This project Is a cooperative 
effort Involving the Ontario Min
istry of Agriculture and Food, the 
Ontario Soil and Crop Improvement 
Association and the University of 
Guelph and represents an exciting 

opportunity to meet both demon
stration and research requirements 
associated with the evaluation of 
conservation tillage practice on a 
range of soils, crops and climatic 
conditions across Ontario. Grow
ing attention Is also being dir
ected by the Department to upgrad
ing the knowledge In management of 
land resources by those personnel 
In agribusiness who carry out 
extension activities In the prov
ince.

Several facuIty In the de
partment continue to be actively 
Involved In the Ontario Institute 
of Pedology (01P). The Institute 
provides a unique vehicle for 
coord J natIng the survey, 1nter- 
pretatlon and supporting research 
related to land Inventory In On
tario. Personnel actively Involv
ed with the soil sirvey part of 
0IP are housed In the Guelph Agri
culture Centre on the north side 
of Guelph. This facility also 
Includes the OIP Computer Labor
atory , Most of the personnel 
Involved In research as well as 
the Sol I Characterization Labor
atory and Cartography Laboratory 
continue to be located In LRS. 
Additional detalIs on OIP are 
published In a separate OIP Pro
gress Report,

In CI os I ng:

I woul d I Ike to thank Andy 
McLennan and Marilyn Metcalf for 
the graphics and typing associated 
with preparing this report. I 
would also like to express my 
appreciation to Joan Davenport for 
editing the report and, along with 
Gary Kachanoskl, for encouraging 
all of us to meet publication 
dead I Ines.

Specific details on many of 
our programs are outlined on the 
fo 11 cw I ng pages. If f urther I n- 
formatlon Is required I hope you 
will call our Department or drop 
by In person. Visitors are wel
come at any time. Comments on any 
aspect of our program are very 
much appreciated.

B.D. Kay 
Cha I man.

Ed I tor’s Note: I woul d 11 ke to 
extend my appreciation to Ian van 
Wesenbeeck for proofreading the 
final copy.
- J. R. Davenport

Outreach and Service;
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PERSONNEL AND INTERESTS

FACULTY/PROFESSIONAL STAFF

B.D. KAY, B.S.A,, M.Sc. (Guelph), 
Ph.D, (Purdue), Professor and 
Chairman, Phys I cal-chemi cal
reactions In soils, dynamics 
of frost heaving, Influence 
of tillage and cropping prac
tices on soli structure, 
(Ext. 2447-8)*.

* Extension number (e,g, Ext, 
2447) at the University of Guelph, 
University of Guelph phone number 
Is (519) 824-4120,

T,E, BATES, B.S.A. (Toronto) , 
M.Sc, (North Carolina State), 
Ph.D, (Iowa State), Profes
sor. Fertilizer use and pre
diction of fertilizer re
quirements for field crops; 
micronutrient and metal 
availability. (Ext. 2452).

E.G. BEAUCHAMP, B.Sc.(Agr.), M.Sc. 
(McGI I I) , Ph.D. (Cornel I) , 
Professor, Nl trogen I n the 
soll/crop system; soil-plant 
relationships; fertilizers 
and plant nutrition, (Ext, 
3239).

R.A, BOURBONNI ERE, B.A. (Massa
chusetts) , M.S, (Michigan) , 
Ph.D, (Michigan), Adjunct
Professor. Organic geochem
istry.

M,E, BROOKFIE LD, B.Sc. (Ed In-
burgh) , Ph.D, (Reading), 
Associate Professor, Pa Ieo- 
ecology, paleontology, strat
igraphy and tectonics, (Ext, 
2654).

D.M. BROWN, B.S.A., M.S.A. (Tor
onto) , Ph.D. (Iowa State), 
Professor, Cl I mate related 
to land use planning, crop 
zonation, climatological 
reference stations, relation
ships of crop growth and 
development to cl Imate and 
weather. (Ext, 2206).

W. CHESWORTH, B.Sc., M.Sc. (Man
chester), Ph.D, (McMaster), 
Professor, Geocheml stry, 
petrology, mineralogy, geo
logical mapping. (Ext, 
2457).

D.E. ELRICK, B.S.A. (Toronto), 
M.S,, Ph.D, (Wisconsin), 
Professor, Soil physics; 
solute and water transport In 
soils. (Ext. 3758).

L. J. EVANS, B.Sc. (Southampton), 
Ph.D. (Wales), Associate 
Professor, Soil chemistry 
and clay mineralogy, (Ext, 
3017).

C.A, FITZGIBBON, B.A, (McMaster), 
M.Sc. (Saskatchewan), Teach
ing Associate, Soil science, 
resources planning and man
agement. (Ext, 3393),

T.J. GILLESPIE, B.Sc. (British 
Columbia), M.S.A, (Toronto), 
Ph.D, (Guelph), Professor, 
Relationship of plant diseas
es and pests to weather; 
computer modelling of soil 
and air microclimates, (Ext, 
264 5).

W.A. GLOOSCHENKO, B.S. (Californ
ia, Berkeley), M.S, (Cali
fornia, Davis) , Ph.D. (Ore
gon) , Adjunct Professor, 
Vegetation ecology and geo
chemistry of wetlands,

P.H. GROENEVELT, M.Sc,, Ph.D. 
(WagenIngen), Associate Pro
fessor. Applied soil phys
ics; erosion, soil structure. 
(Ext. 358 5).

S.G. HILTS, B.A. (Western Ontar
io), M.A, (Toronto), Ph.D, 
(Toronto), Assistant Profes
sor, Joint appointment with 
University School of Rural 
Planning and Development. 
Natural resources management, 
environmental planning, land 
utilization, (Ext, 2702),

R.G. KACHANOSKI, B.Sc., M.Sc. 
(Saskatchewan), Ph.D. 
(Ca 11 fornla), Assistant Pro
fessor. Soil fertility, soil 
and water conservation and 
extension. Commenced duties 
April 1, 1985. (Ext. 2498).

G.E. KIDD, B.A.Sc., M.A.Sc, (Wat
erloo), Professional Assist
ant, Electronic Instrument 
development; transport pro
cesses within and above plant 
canopies, (Ext, 3434),

K.M. KING, B.S.A. (Toronto), M.S., 
Ph.D, (Wl scons In), Professor, 
Evapotranspiration and photo
synthesis of field crops; 
environmental measurements. 
(Ext. 2787).

J.T. KOCH, B.Sc. (Natal), M.Sc. 
Agric. (Natal), Ph.D, 
(Gue Iph), Post-doctoral Re
search Associate. Iodine 
transport In organic sol Is, 
Structure and Its 
amelioration, (Ext. 2489),

T.H. LANE, B.S.A., M.S.A, (Toron
to) , Professor. Extension, 
soil management and land use. 
(Ext. 2450). Retired Sept. 
30, 1985.

B.C. MATTHEWS, B.S.A. (Toronto), 
A.M, (Missouri), Ph.D, (Cor
nell), D,U, (Sherbrooke) , 
L,L,D, (Waterloo), Professor, 
Soil chemistry. President 
and Vice-Chancel lor. (Ext, 
2200).

I.P. MARTINI, Doct. Geo I, Scl. 
(Florence), Ph.D, (McMaster), 
Professor, Sediments and 
sedimentary rocks, sedlment- 
oIogy, glacial and plelsto- 
cene geology (Ext, 2488),

R. McBRIDE, B.Sc., Ph.D. (Guelph), 
Assistant Professor, Soil 
science and agricultural land 
use planning, (Ext, 2492).

M.H. MILLER, B.S.A. (Toronto), 
M.S., Ph.D. (Purdue), Pro
fessor. Sol I fertlIIty, 
plant nutrition and land 
productivity. (Ext. 24 82).

W.A. MITCHELL, Administrative 
Technical Officer. Control
led environment plant grcwth 
facilities, (Ext. 2484).

R. PROTZ, B.S.A,, M.S, (Saskatche
wan) , Ph.D. (Iowa State) , 
Professor, Soli genesis and 
classification; soil varia
bility; soil cl ay ml neral ogy; 
mapping techniques and soli 
landform relationships. 
(Ext, 2481).
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B. SCHNELLER, B.S.A. (Toronto), 
M.S. (Cornell), Manager, 
AgroclImatology Program, 
PI ant Industry Branch, Ont- 
arlo Ministry of Agriculture 
and Food. (Ext. 2480).

R.W. SHEARD, B.S.A, (Saskatche
wan), M.S.A. (Toronto), Ph.D. 
(Cornell), Professor and 
Co-ordlnator of Extension 
Activities. Harvest manage
ment and fertilizer use for 
production, longevity and 
qualIty of perennial forage 
species, (Ext. 2491).

E.P. TAYLOR, 8.Sc.(Agr.) (Guelph). 
Research Associate. Forest 
Pedology. (823-5700 Ext. 
320).

R.L. THOMAS, B.Sc., M.Sc. (Alber
ta) , Ph.D. (Oh lo State), 
Professor. The chemical 
characterization and reac
tions of soil organic matter. 
(Ext. 2459).

G.W. THURTELL, B.S.A., M.S. A. 
(Toronto), Ph.D. (Wisconsin), 
Professor. Physics of soils, 
plant and afmosphere. (Ext. 
2453).

H.P. VAN STRAATEN, Dipl. Geol., 
Dr. r er. n at (Gott I ngen,
Germany), Research Associate. 
Geology, mineral exploration, 
agrogeology In East Africa. 
Three year appointment 
January 1, 1985 to December 
31, 1987. (Ext. 2454.)

R.P. VORONEY, B.Sc. (Calgary), 
M.Sc., Ph.D. (Saskatchewan), 
Assistant Professor. Soli 
biological activity, soil 
management. Commenced duties 
October 1, 1985. (Ext. 3057)

R.W. WEIN, B.S.A., M.Sc. (Guelph), 
Ph.D. (Utah State), Visiting 
Professor - on leave from 
Dept, of Biology and Fire 
Science Centre, University of 
New Brunswick, Fire ecology 
especially of northern eco
systems, (Ext. 2489).

J.D. Wl LSON, B.Sc. (Canterbury), 
M.Sc. (Alberta), Ph.D. 
(Guelph), Assistant Profes
sor. Micrometeorology, 
Resigned July 9, 1985.

V. Al der, B.Sc. Agr, (Gue I ph) , 
Technician. Soil management. 
Resigned August 31, 1985,

A, Barr, B.Sc. (B.C.), M.Sc. 
(Guelph), Teaching and 
Research Assistant, Model- 
I Ing drop evaporation. Re- 
s Igned Dec. 31, 1985,

N. Baumgartner, Assoc, DI pl. Agr. 
(Guelph), Teaching and Labor
atory Technician, Soli 
physics. (Ext. 8556)

P.E, Beirnes, Administrative 
Secretary. (Ext. 2448)

K.M. Be Itz, Secretary. Resigned 
February 21, 1986.

L. Bissell, Clerk. (Ext. 2661)
G, Bowles, B.Sc, Agr. (Guelph), 

Technician, Soil management. 
(Ext, 8167) Commenced 
duties Apr 11 1, 1985,

D, Brenner, Secretary, Extension, 
(Ext. 2455)

J.C, Bryant, Assoc, Dipl, Agr, 
(Guelph), Technician, Soil 
management and pl ant nutri
tion pI ot work. (Ext. 
2617)

J,L, Cook, Clerk, ResIgned Sept. 
30, 1985.

E,L, Dickson, Dipl. Chern. Tech. 
(St. Clair, C.A.A.T,), Tech
nician. Runoff collection 
and analysis, research anal- 
ytlcal laboratory. (Ext. 
2494)

M,R. Evans, B.Sc. (Waterloo), 
Certlf. Comp, and Info. Scl. 
(Guelph), Technician. Com
puter data analysis. (Ext. 
2493)

J. A, Ferguson, Assoc. DI pl. Agr, 
(Guelph), Technician. Soil 
management and plant nutri
tion pIot work. (Ext,
2617)

J, Fischer, B.Sc, Agr, (Guelph) , 
Technician. Remote sensing. 
Resigned April 30, 1985,

E, F, Gagnon, Assoc, DI pl. Agr. 
(Guelph), Supervisor, Soil & 
Plant Analysis. (Ext, 2494)

K.A. HI I born, B.Sc. Agr. (B.C.), 
0.I,P, Computer Coordinator. 
Management of dal ly opera
tions of lab, (823-5700 Ext, 
330), Commenced duties May 
1, 1985.

S,E. Hipwell, Dipl. Lab, Tech, 
(Seneca C.A.A.T), Technician. 
Soil classification, (Ext, 
8170)

0,E, Irvine, Chartered Cart. (Ont. 
Inst. Ch, Cart,), Technician. 
(Ext. 3364)

R, Harkes, Clerk. (823-5700 Ext. 
330). Commenced duties July 
8, 1985.

S, Henry, Secretary, Undergrad
uate and graduate programs, 
(Ext. 2455)

J, Kelly, Stenographer (part- 
t Ime),

R. Kei ly, B.Sc., M.Sc, (Guelph), 
Technician. Analysis of 
sediments. Resigned April 
23, 1985,

J, Kwong, B.Sc, (London), M.Sc, 
(Leeds), Technician, Anal
ysis of sediments. Resigned 
June 28, 1985,

J, Lovcanln, B.Sc, (Belgrad), 
Technician, Soli management 
and plant nutrition field 
plot. (Ext, 8157)

J.A, McLennan, Assoc, Cart, (Ont, 
Inst, Ch, Cart,), Technician. 
(Ext. 3364)

P,M, McLennan, Assoc. Dipl. 
Environ. Eng., Forester. 
Forestry and pedology tech- 
nologlst. (Ext, 3926), 
Commenced duties Nov, 4, 
1985.

M.J, Me tea If, Secretary. (Ext, 
245 5)

T« Moul I, B.Sc, (Guelph), Research 
Associate, Landowner Confect 
Project Co-ordInator. (Ext. 
8329).

N. Murray, B.Sc, (Guelph), Tech
nician. Limitations to yield 
of corn. (Ext, 2496)

P. Newdlck, B.Sc, Agr. (Guelph), 
Technician, Nitrogen re
quirements of barley and 
corn, (Ext, 8166)

R,E, Place, B.Sc,, M.Sc, (Guelph), 
Research Assistant, Cl I mate 
rating for horticultural 
crops and Irrigation,

J,A, Poisson, B.Sc, (Guelph), 
Technician, Soil chemis- 
try/blochemlstry. (Ext. 
8157), Commenced duties July 
6, 1985.

D, Rachar, B.Sc,, M.Sc, (Guelph), 
Technician. Soil conserv
ation, (Ext. 8157)

S. Sadura, B.Sc. Agr, (Guelph), 
Teaching and laboratory tech
nician. (Ext. 3393)

P, Smith, B.A. (Guelph), Technic
ian. Geochemistry, (Ext. 
817 5)

L.A. Stahl baum, Technician. Soil 
classification. (Ext, 
8170).

R,E, Sweefman, DI pl. El ec. Eng. 
(R.E.T.S., Detroit), Tech
nician. El ectronlc Instru
ment operations and pl ot 
work, (Ext. 2208)

G. Taylor, Assoc. Agr. (Guelph), 
Technician. Soil management 
and plant nutrition plot 
work, (Ext. 8106),

D, Tel, Dipl. Agr. (Oudenkerk), 
Dipl, Agr. (Groningen), Tech
nician, Pollution control 
and waste management; soil 
and water analysis and re
search analytical laboratory. 
(Ext, 3507)

W.G. Wilson, B.Sc. Agr. (Guelph), 
Technician. Pedology. (Ext. 
8157)

T. Woerlen, B.Sc. Agr, (Guelph), 
Technician. Soil physicsand 
soil conservation (Ext.
8106). Commenced duties Jan, 
7, 1986.

CLERICAL/TECHNtCAL STAFF
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TRANSFER OF TECHNOLOGY
EXTENSION ACTIVITIES

R.G. Kachanoskl

On April 1, 1985, I assorted 
the responsibilities of extension 
coord Inator for the department. 
In the past year I have had the 
pleasure of meeting and talking 
with a number of people associated 
with Ontario agriculture Including 
farmers and agribusiness and 
government personnel, I would 
like to take this opportunity to 
express the department's continued 
commitment to education and the 
transfer of knowledge and tech
nology to user groups outside the 
Un Ivers Ity.

Extension activities In Land 
Resource Science accounted for 1,7 
man-years of time In 1984-85 
(Table 1), A large percentage of 
that time was devoted to consulta
tions with agribusiness, govern
ment and producers. Educat Iona I 
programs Included a 2-day 
fertilizer dealers update on 
soils, a series of soils and crops 
diagnostic workshops for Ontario 
crops consultants, and a number of 
Inservice training sessions for 
OMAF extension personnel.

The department has enjoyed a 
close association with the new

Table 1. Summary of Land Resource Science Extension Actlvles for 
1984-85.

* Represents 1.7 man-years @ 220 days/yr.

soli conservation advisors In the 
Soil and Water Management Branch 
of OMAF. The department will 
continue to provide educational

and technleal support to the 
advisors Including data analysts 
for their conservation tillage 
programs.

Total Ext.
Days

% of Total 
Ext. Ef fort

Courses, conferences, etc. 44.9 12,2

Continuing education 8.1 2.2

Tours 8.7 2.4

Consultations 125.0 34.0

Ta Iks/Speeches 52.0 14.1

PublIcatlons 37.1 10.1

Radio, TV and Exhibits 2.3 0.6

PublIc Relations 36.9 10,0

Other act Ivltles 53.0 14.4

TOTAL 368.0* 100.0
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With the privatization of the 
provincial soil testing laboratory 
In September 1984, the Department 
of Land Resource Science began an 
Analytical Services Program. 
Initially, It was an expansion of 
the old plant analysis laboratory 
and the program was to supply the 
department researchers with qua- 
I Ity plant analyses. Requests 
from other University departments 
and Ontario greenhouse operators 
lead to the expansion of the ser
vices to Include various chemical 
and physical analyses, many of 
which are not available elsewhere. 
Table 1 outlines services avail
able and their current cost.

The analytical services lab
oratory Is operated for those In 
agriculture and environmental 
sciences. It has and wishes to 
remain diversified In the products 
analysed as well as the tests 
performed on these products. This 
Is evident by services completed 
during Its first 12 months of 
operation (Table 2),

Table 1, Listed below are some of the services available and their 
current cost.

Cost of these and other services depend on number of samples and 
procedures required.

ANALYTICAL SERVICES PROGRAM

E.F. Gagnon

SOIL ANALYSIS

Particle size distribution (texture) $25.00

Cation exchange capacity $15.00

Per cent organic matter $ 5.00

Electrical conductivity (1:2 ratio) $ 4.00

Electrical conductivity (saturated paste) $ 7.00

Soil pH $ 3.00

Carbonate content $ 5.00

Water release characteristics
(wilting point, field capacity, available water) $14.00

Total nitrogen content $15.00

Particle size analysis of sand 
(for golf green construction) $20.00

PLANT ANALYSIS

Total nitrogen, phosphorus, potassium, 
magnesium and calcium content

Total zinc, copper, boron and manganese content
$14.00 
$14.00

Total nine elements as above $18.00

Any single element from above $ 6.00

Other elements such as sodium or Iron 
can be added to above package. $ 2.00

MANURE AND OTHER ORGANIC MATERIALS

Nitrogen, phosphorus and potass 1 urn content; 
dry matter $1 7.00

LIMING MATERIALS

Neutral 1 zl ng va lue, partlcl e s 1 ze and 
agricultural Index $1 5,00

OTHER SERVICES

Other services currently available Include:
- c lay ml neral ogy
- -n15 analysis of plants or soils
- analysis of some heavy metals
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Table 2, Analysis Comp I eted In 1985.

SOIL ANALYSIS

Percent organic matter 137
Total salts 14
pH 19
Cation exchange capacity 64
Particle size distribution 212
Desorption 4
Percent saturation 4
Sand fraction for golf greens + sports fields 23
Moisture characteristics for sands 6
Heavy metals and exchangeable cations 24

MANURES

For nitrogen, phosphorus, potassium i dry matter 228

FERTILIZER

N, P2^5* ^0 and percent organic matter 2

LIMESTONE

Percent calcium, magnesium & particle size 14
neutralizing value and agricultural Index

Heavy metals Cd, Pd and Zn 10

PLANTS

G-eenhouse growers for 10 elements 44 5
Boron analysis only 180
Sulph ur ana lysl s on ly 92
University of Guelph faculty 3-9 elements 4796
Agriculture Industry & government agencies 581

SOLUTIONS (samples digested by other labs)

Agricultural Industry 191
Un Ivers I ty campus 280
Environmental effluent contro1 2 elements 54

MISCELLANEOUS
Wheat samples - weighing, drying and thrashing 63
Soybean samples - dry moisture content 34
Organic soils for organic carbon, total carbon

nitrogen and heavy metals 24
Cat tails for organic carbon and nitrogen 18
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LIST OF ACTIVE RESEARCH PROJECTS

Faculty Title of Project Funding Agency

T, E, fetes Development and evaluation of methods for prediction of O.M.A.F.
macro- and mlcronutrlent requirements of crops N.S.E.R.C,

T,E, fetes Metal uptake from soils N,S,E,R,C.

T, E. fetes Use of sewage sludgeon agricultural land with emphasf s on O,M,A,F
plant aval Iabl I Ity of heavy metals

E,G. Beauchamp Nitrogen recommendations for barley and corn O.M.A.F
R.W, Sheard C.I.L,, Inc,

Agrlco Canada Limited
Cyanamld Canada, Inc,

E,G. Beauchamp Deni to I f feat Jon In soils N. S.E, R, C

M.E. Brookfield Mesozoic evolution of the Himalayas N,S,E,R.C.

D,M, Brown Characteristics of droughts and their effects on field Afmospherlc
crop yields In Southern Ontario Environment Services

O.M.A.F.

D,M, Brown Assessment of the potential for Increasing yield of field O,M,A,F,
corn with Irrigation

W. Chesworth Geochemistry of weathering N.S,E,R,C,

W, Chesworth The fundamental chemistry and mineralogy of Atomic Energy of
podzo I Jzatlon Canada Ltd,

W, Chesworth Ihe GueIph-Morogoro (Tanzania) Agrogeology project International Develop-
P. van Straaten ment Research Centre

D. E, Elrlck Transport phenomena In natural porous media N,S,E,R.C,

D, E, Elrlck Water and chemical transport In soils 0.M.A.F,

L, J, Evans Boron In Ontario soils O.M.A.F.

L.J, Evans Ihe geochemistry of podzolic soil solutions N,S,E,R,C,

T. J. Gillespie Cl ImatJc and diseases of wheat residue N.S, E,R,C,
J,C, Sutton 
(Environ. Biol,)

T, J. Gillespie Estimation of surface wetness duration from weather data N,S,E,R,C,

T.J, Gillespie Meteorological aspects of Integrated pest control O.M.A.F,
J.C. Sutton O.M.E.
(Environ. Biol.)

P.H, Groenevelt Non-po Int po I lutlon of the Great Lakes Agrlcu I ture Canada
W,T, Dickinson 
(Eng,)

P.H, Groenevelt Effect of erosion on soil properties and corn yield O.M.A.F,

P.H, Groenevelt Mechanisms of phosphorus transport from agricultural International Joint
land to open waters Commission

P.H, Groenevelt Physical properties of soils under Intensive cultivation N,S,E,R,C,

S.G. Hilts Landowner contact system Ontario Heritage
Foundation

S.G, Hilts Local level agricultural land evaluation systems O.M.A.F,
D.M, Brown
T. J, GJ IlespJ e



S.G, Hilts So 11-vegetat Jon relationships In the wetlands of Undergraduate Student
Southern Ontario Scholarships from

N.S.E.R,C and the 
Royal Canadian 
Geographical Society

R.G, Kachanoskl Tillage effects on the spatial and temporal variations N.S.E.R.C,
of soil properties

R»G. Kachanoskl Nitrogen response under conservation tillage O.M.A.F.

R.G. Kachanoskl Use of electro-magnetic Induction measurements of soil N.S.E.R.C,
resistance for median scale soil variability assessment

R.G, Kachanoskl Effects of conservation tillage on bio-physical relationship O.M.A.F.
on soil N.S.E.R.C

B.D, Kay Quantl tat Ive character J zat Jon of heat, water and solute N.S.E.R.C.
transport Jn freezing soils

B.D, Kay Development of methodology to characterize some physical O.M.A.F,
P,H, Groenevelt properties of soils under different tillage treatments

B.D, Kay Management of soil physical conditions under Intensive N.S.E.R.C
D,E, El rick corn cultivation O.M.A.F,
R. Protz 
R,L, Thomas 
P. H, Groenevelt 
T.J. Vyn (Crop Science) 
W.T. Dickinson 
and J.H.A, Lee (Eng.) 
D.P. Stonehouse (Ag. Ec.)

K.M. King Effects of elevated atmospheric CO? on Agriculture O.M.A.F
* Environment Canada

K.M, King Observation, compilation and analysis of current 0.M.A, F
D.M. Brown and past weather records
T, J, Gl1 lesple

K.M. King Design Implementation of CO2 flux measurements N.S.E.R.C,

J.T, Koch The transport of nuclides through organic soils: Transport Atomic Energy of
B.D, Kay mechanisms and the Impact of ground freezing Canada Ltd.

I.P. Martini Effects of river Ice on sediment transport N.S,E,R,C. (Northern
Suppl ement)

I.P. Martini Quantitative analysis of sands and sandstones N.S.E.R.C.

I.P. Martini Comparative analysis between recent cold climate peat N,S,E,R,C,
and ancient coal measures

R.A. McBride Development of a Rating System for Soil Compaction O.M.A.F.
Su sceptl bl IJ ty

R.A, McBride Research on the State of CompactJbJ11ty of Ontario Soils Univ, of Ojelph
Research Board

R.A. McBTlde Algonquin Region Site Program Q.M.N.R,

R.A. McB* Ide Characterization of optJmun drainage conditions of Ontario O.M.A.F.

M.H, Miller Modifying soil plant environment to maximize yield N.S.E.R.C.
G.W, Jhurtell potential of maize
K.M. King 
E,G, Beauchamp

M.H. Miller Reactions at the soil-root Interface and their significance N.S.E.R.C.
J n plant nutrJtlon

M.H. Mil ler Fertility requirements for maxlmun corn yield at Elora O.M.A.F.
W.A. MltchelI

11
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R. Protz MJcropedologlc character! zatlon of the major soil types 0.M.A.F,
Jn Ontario

R, Protz fete of podzolic soil formation near southern James Bay N.S, E,R,C.

R, Protz Remote sensing for soil survey, land use limitations and O.M.A.F.
crop yield prediction In Southern Ontario

R. Protz Soil criteria and class limits for soil classification O.M.A.F,

J,A, Rzadkl Terrain sensitivity analysis and management of all-terrain Manitoba Dept, of
vehicle use In the Cape Church! 11 WJ I d IJ fe Management Ar ea, Natural Resources 
Manitoba Det. of Indian,

Northern Affairs & 
Devel opment

R.W. Sheard A maximum alfalfa yield project for Ontario O.M.A.F,
Pioneer Seeds Inc, 
Potash Corp, of Sask. 
International Minerals 
& Chemicals
Phosphate-Potash Inst, 
Fertilizer Institute 
of Ontario

R.W, Sheard Forage systems as nitrogen sources In crop production O.M.A.F.

R,W. Sheard Phosphorus and potassium requirements for alfalfa production 0.M.A, F.

R.W. Sheard Interactions of soil drainage, species and plant nutrition O.M.A.F,

R.W. Sheard Soil test cal Jbratlon for major field crops O.M.A.F,

R.L. Thomas Study of organic constituents In stable soli N,S,E,R.C,
ml cro-aggregates O.M.A.F,

G,W. Thurtell Soil-plant-atmosphere N.S.E.R.C,
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Land Characterization Studies

Cl Imatologlcal Data at the El ora Research Station, 1985.

Da 1 ly 
Maan 
Temp, 
(°C)

Corn 
Heat 
Un 1 ts

Degree 
Days 
>5qC

Degree 
Days 
< 1 8**C

Total 
Preclp 1 - 
tatlon 

(mm)

Mean 
Wl nd 

Speed 
(fan/h)

Mean 
Da 1 ly 
So J ar 

Rad la-
t Ion 

(MJ/m2)

Mean 
cal ly
Net 

Rad latlon 
(MJ/m2)

JANUARY 
A

- 9.8
- 1.6

862 
+54

61.7
106,0

18.0
96.0

6.3
106.0

- 1.6
139

FEBRUARY 
A

- 7.3
0,0

709 
- 7

89.9
184

1 7.9
104

10.1
103

- 0.9 
91

MARCH 
A

- 1,7
+ 1.0

5
-2

61 0
-30

87.9
119

17.8
100

1 4.8
11 5

0.7
43

APRI L 
A

7.3
+ 2.2

128
64

32 5
-61

61.0
87

16.6
94

18.2
106

7.6
113

MAY
A

12.7
+1.3

317 
+ 94

240
37

168
-4 7

67.4
87

14.4
95

21.6
106

9.2
94

JUNE 
A

14.2
-2.9

471
-108

276
-88

120 
+59

46.1
53

13.6
99

24.7
114

1 1.2
99

JULY 
A

18.2
- 0.9

682
-34

408
-30

26
- 1

90.5
124

1 1.9
103

22.8
105

10.4
91

AUGUST 
A

17.8
- 0.3

660
-114

397
-10

34 
- 6

175.7
244

9.6
92

Ml ssl ng Ml ssl ng

SEPT. 
A

1 5.5
+ 1.3

531 
+98

314
37

109
-23

58.2
82

10.5
90

15.2
11 0

5.8
95

OCT. 
A

8.6
+ 0.1

118
-8

290 
- 6

72.0
109

11.2
81

1 1.3
119

2.0
69

NOV, 
A

1.9
0.0

23
-2

485 
+ 5

122.9
187

1 3,1
79

3.8
81

- 0.2
-36

DEC. 
A

- 6.2
- 1.0

2
0

72 9
+1 1

4 9.2
69

17.6
116

5.3
125

- 1.3
159

YEAR 
A

5.9
- 0.1

2661 
- 64

191 1 
- 2

4467
-52

882.5 
118

14.3
95

A Difference from 1951 - 80 average expressed as a percentage of 
precipitation, windspeed, solar radiation and net radiation.
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WATER DROPLET EVAPORATION FROM 
MAIZE CANOPIES

A,G. Barr and T.J, Gillespie

Leaf wetness duration Is an 
Important precondition for the 
germination and development of 
many fungal plant diseases. Pre
vious attempts at model I Ing the 
I eaf wetness duration have been 
concerned primarily with dewfall, 
and assume a uniformly thin layer 
of water on the leaf surface. 
However, this assumption Is not 
valid after precipitation, or In 
situations of heavy dewfall, where 
the water beads Into distinct 
droplets. Recognizing this limit
ation, Lee I ere et al, (1985a) 
developed relationships for the 
heat and mass transfer coef- 
flclents of droplets and discs on 
flat pl ates, and used an energy 
balance approach to model the 
evaporation of water droplets from 
artificial leaves In the labora
tory (Leclerc et a I, 1985a). Th 1 s 
study extends the modelling of 
droplet evaporation to the field.

Water droplet evaporation was 
observed In a maize canopy at the 
El ora Research Station in ear ly 
August 1985, Droplets varying In 
volume from 5 to 25 p.1 were depo
sited on leaves at approximately 
one-thlrd of the canopy he Ight, 
with proximate measurements of air 
temperature, vapour pressure, 
windspeed, and net and solar radi
ation, The Initial droplet shape 
was recorded photographically, and 
used to determl ne basal area. 
Drying time was observed visually. 
The droplet energy balance equa
tions were used to solve for drop
let temperature, and the evapora
tion rate calculated as In Leclerc 
et al. (1985a + b), Droplets were 
modelled as oblate spheroids with

Figure 1. teasired vs modelled drying time for water droplets on raise 
leaves at the El ora Research Station. August, 1985.

constant basal area and declining 
surface area. Droplet evaporation 
rates were calculated with a time 
step of 5 mln, due to the In
fluence of changing droplet size 
on the surface area over which 
evaporation was occurring, and the 
droplet energy balance and temper
ature.

Modelled droplet drying time 
agreed quite well with observed 
droplet drying time, with an aver
age overestimate of 18? (Fig. 
1).

LI terature c I ted

Lee I ere, M,H,, Sh ueppe, P, H,, and 
Thurtell, G,W. 1985a, 
Laboratory simulation of 
evaporation of water droplets 
f rem 1 so I ated wet s pots and 
droplets on realistic flut
tering leaves. Proc, 17th 
Conf. Agric, and Forest 
Meteorol, 56-59,

Leclerc, M,Y., Thurtell, G.W., and 
Gillespie, T.J, 1985b, 
Laboratory simulation of 
evaporation of water droplets 
on artificial soybean leaves, 
Agr1c, and Forest Meteorol, 
36: 105-1 11,

GEOCHEMISTRY OF PODZOL IZ AT I ON:
THE SIO2-AI2O3-Fe2O3 DIAGRAM

The triangle SICL-AKCL-FejCL 
can be considered a residua5system 
of weathering In that It contains 
the end points of many weathering 
trends, especially those that 
occur In humid tropical environ
ments (Chesworth, 1973a, 1973b, 
1977), Here we examine Its use
fulness In studying the predomi
nantly temperate-zone process of 
podzoI IzatIon.

The central geochemical fact 
in podzolIzatlon Is the vertical 
separation of SI from Al and Fe 
(see Chesworth and Macias, 1985, 
for a recent discussion). This 
resul ts In the character 1st Ic 
alblc/spodlc couple of the well 
developed podzol (Soil Survey 
Staff, 1975). In terms of SI02“ 
AI „CL-Fe^O., coordinates, alblc and 
spodlc compositions show a comple

mentary relationship to each 
other, about the parent material 
composition. A sequence of analy
ses of samples collected vertical
ly down a podzol profile gives a 
monotonic trend that Is Ideally 
I Inear or curvlI Inear (see Flgs» 
la, b), the end points being the 
alblc horizon, plotting closest to 
the SI CL pole of the diagram, and 
the spodlc horizon, which Is fur-

W. Choswortfr, F. Macias^, and M. 
Sheppard^
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thest removed -from this pole.

The diagram, with the trends 
thereon, Is useful In at least 
four ways;
(1) In testing for homogeneity In 

a prof I I e;
(2) In providing the basis for an 

Index of soil formation;
(3) In Judging whether the 

chemical environment of a 
soil has remained sensibly 
constant with time; and

(4) in providing an estimate of 
redox limits during soil 
formation.

I University of Guelph, Guelph, 
Ontario, Canada.

2 University of Santiago de 
Compostella, Spain
Atom! c Energy Canada, PI nawa, 

Man Itoba

The Problem of Homogeneity In a 
Podzol Prof 11e

Determining whether a profile 
is homogeneous (or uniform) Is a 
necessary first step In any at
tempt to quantify pedological 
processes (Brewer, 1964, p.65) • 
The easiest procedure is to use a 
stable constituent (or Internal 
standard) against which to measure 
the variability of other constitu
ents. The I I ter a tire Is volumi
nous (see for example, Brewer, 
1964, Lelong and Souchler, 1979, 
Evans, 1979, and references there
in). The problem with podzols Is 
that none of the original consti
tuents Is stable. In fact, this 
is true of most weathering 
systems, though in processes less 
vigorous than podzol Izatlon, con
stituents can be found that are 
'virtually*  stable, i.e., they 
vary little, or by an undetectable 
amount, with Mme.

Where a stable constituent 
cannot be found, as must be the 
case with many, If not all, pod
zols, the regularities of chemical 
movements amongst unstable consti
tuents can be used. In the pre
sent circumstances, the regularity 
of the Si-Fe-AI fractionation In 
podzols dictates that, If a un I- 
form parent mater lai Is podzo- 
l ized, the chemical trend produced 
must, In SIOp-A I pOo-FepOg space, 
be monotonic, shwfng no5 maxima, 
minima, nor Inflexions. The crit
erion used when a stable Internal 
standard is available Is exactly 
analogous to this, I.e., smooth 
curves are looked for In any func
tion relating depth to variability 
(Brewer, 1964, p.65) •

Figure 1. (a) boreal podzol from east side of Lake Nipigon showing 
linear trend (b) Atlantic podzol from Asturias, Spain showing 
curvilinear trend. The trends are consistent with a uniform parent 
material, I.e. the profiles would be Judged 'homogeneous*.

The profiles displayed In 
Figure 1 would, therefore, be 
Judged uniform for chemical pur
poses, By contrast, the profiles 
In Figure 2 would not.

An Index of Soli Formation

With the separation of SI 
from Al and Fe being the most 
prominent of the Inorganic redis
tributions that take place during 

podzolization, It could form an 
obvious basl s for a measure, or 
Index, of soil formation In these 
soils. The most useful form would 
be as a single paraneter, so that 
It could be used as the single 
axis of a graph against which to 
show the variability of other 
constituents In the soli. Since 
the chemical trends In podzols are 
either towards or away from the 
SIC>2 pole of the triangular sys- 
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tern, a simple way Is to take the 
f unction
(SIO9/SIO9 + AI909 + Fe909) x 100 
as azstart I ng point*  Wezw1 II call 
this the silica Index. It Is a 
direct measure of how far away a 
given point Is from the SICk pole. 
The silica Index Itself can be 
used to plot variability In 
podzols, or any other soli (see 
Fig. 3), though the d iagram woul d 
a 11 cw a more direct comparison of 
two dIfferent prof Iles if the 
parent materials were super
imposed. This Is equivalent to 
transferring the origin of the 
graph to the value of the silica 
index for the parent material In 
each Individual profile examined, 
i.e. (SI09/Si09+AI909+Fe90-!)x1000 
for the^ parent ^material. The 
procedure Is simply to take the 
s11 lea Index of a part IcuI ar hor1- 
zon and subtract the silica Index 
of the parent material. The 
resul ting function can be cal led 
the soil formation Index, and 
obviously It will be 0 for the 
parent material, positive for the 
albic horizon, and negative for 
the spodlc.

Comparing the two uniform 
examp I es a I ready used as Illustra
tions, It is obvious that the 
chemical movements in the Spanish 
podzol are more extensive than 
those In the Canadian specimen. 
Many reasons might account for 
this, though an Important one In 
this instance Is simply the length 
of time of weathering. In the 
Spanish podzol, developed In non- 
glaciated terrain, weathering has 
been continuous on the landscape 
for some two orders of magnitude 
longer than the 10000 years or so 
since the retreat of Wisconslnlan 
Ice al lowed sol I-forming processes 
to start in northern Ontario. The 
diagram based on the soil forma
tion index clearly brings out the 
contrast (see Fig. 4).

Variations In the Chemical 
Environment with Time

Al I chemical components in a 
system have solubilities In the 
aqueous environment that vary as 
physico-chemical conditions vary. 
For the three components consi
dered here, this can be shown 
readily In terms of either or both 
of the parameters pe and pH (Ches- 
worth and Mac las, 1985) * In the 
podzolic environment, SI09 Is 
Insensitive to changes In either 
of these variables, whereas Al2O3 
Is sensitive to pH and Fe903 Is 
sensitive to both. Al ana Fe 
solubll ities are also sensitive to 
the activities of organic acids 
and complexants in solution. If

Figure 2. Podzols from northern Ontario Judged to be inhomogeneous. The 
podzols do not show the consistent trend that would arise from the 
fractionation of Al and Fe In the profile relative to SI.
these envlronnmental conditions 
remain constant over the lifetime 
of a profile, then Al9O3 and Fe90., 
will be separated from SlCk in a 
constant ratio, I .e., constant 
conditions produce constant solu
bilities. On the three-component 
plot, this would show up as a 
straight line that can be con

Figure 3. The silica Index used a framework against which to show 
variabll ity of other components In the profile, in this case varedlum.

sidered a vector, projected from 
the point on the AI903-Fe903 slde- 
I Ine of the trlancfled thatdrepre
sents the ratio In which Al203 and 
Fe903 left the A horizon and en
tered the B. The boreal podzo I 
shows this relationship quite 
clearly (Fig. la), and the Impli
cation is that, during the time in 
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which this soil developed, the 
chem IcaI envIronnment mu st have 
been a reasonably constant one. 
Obviously, no soil environment Is 
absolutely constant, and 'reason
ably*  constant Is the best that 
can be said. But such a conclu
sion Is extremely useful, es
pecial ly when attempts are made to 
apply mineralogical equllibrlun 
diagrams (e.g., Lindsay, 1979, 
Garre Is and Christ, 1965) to 
soils. Any Indication of a rela
tive constancy of conditions makes 
such appl (cations easier than they 
would otherwise be.

By contrast, the curved trend 
of the Spanish podzol can only be 
generated if Al/Fe varies with 
time. In fact, the particular 
trend Illustrated in figure 1b 
would indicate a decrease in the 
ratio, since an increase would 
give a curve that was convex to
wards the SlO2"Fe2Og sideline.

Redox Conditions

The ratio of Al^Oq +o
In a solution saturaTeo with reF 
spect to phases containing these 
components Is a function of pe and 
pH (Norton, 1973, Chesworth and 
Macias, 1985). Figure 5 demon
strates the principle Involved. 
The vertical contours wlthln the 
stability field of water represent 
the solubility of Al (total) in a 
solution saturated with gibbsite. 
The amount of Al dissolved Is 
sol ely a function of pH. The 
solubility of Fe in a solution 
saturated with goethite is shewn 
by contours that are diagonal, 
reflecting the fact that the 
amount of dissolved Fe Isa func
tion of both pH and pe. Where Al

Figure 4. The previous figure transposed to place both parent materials 
on the same axis.
and Fe contours of equaI value 
cross, the solution would contain 
the two elements In the ratio 1:1. 
Connect all such points In the 
diagram and their locus Isa line 
along which Al and Fe have the 
same solubility. Above this Iso- 
solubiIity curve, Al is more solu
ble than Fe; below It, the 
r everse.

Figure 6 shows the Isosolu- 
bllity curve of Figure 5 with a 
parallel curve above It represent
ing Al/Fe = 10/1, constructed by 
connecting the Intersections of Al 
contours with Fe contours of one 
tenth their value. The stippled 
zone between brackets the value of 
the Al /Fe ratio der Ived for the 
boreal podzol (Al/Fe = 1.5:1), If 
gibbsite and goethite had control
led solubilities in this soil, the 
stippled area would be a reason
able estimate of pe conditions.

Unfortunately, the precise 
nature of the controlling phases 
Is unknown. Many combinations are 
possible, and the presence of 
organic ligands may produce solu
bilities up to two orders of mag
nitude greater than those found In 
a purely inorganic system. If all 
the combinations considered by 
Chesworth and Macias (1985) are 
taken into account, the brackets 
must be extended (see Fig. 7). 
Even so the range remains rela
tively narrow. If we combine this 
range with the normal range of pH 
Identified by Chesworth and Macias 
(1985) for albic horizons, we now 

have an estimate of the conditions 
under which Al and Fe were mobi- 
I Ised in the boreal podzol. The 
estimates show s Ignlf leant over lap 
with the relatively few data ob
tained from published sources and 
used by Chesworth and Macias 
(1985) (see Fig. 8).

The same exercise can be 
performed for the Spanish podzol 
though, since the Al/Fe ratio was 
not constant dur ing pedogenesi s, 
the limits will be wider than 
those deduced for the boreal exam
ple, and In any case the exercise

Figure 6, The narrow band acros's 
the centre of the figure includes 
al I solutions with Al/Fe between 1 
and 10. Gibbsite and goethite are 
the control 11 ng phases.

Figure 5. Method of constructing 
an Insolubility curve for Fe and 
Al as a function of pe and pH.
Along this curve the amount of the 
two elements In solution Is In the 
rate 1:1. Gibbsite and goethite 
are the controlling solid phases.
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Is less useful than the case for 
which there Is evidence of a rela
tive constancy of conditions.

A final point worth making Is 
that other elements with contrast
ing pe-pH behaviour can be used In 
the same way that we have used Al 
and Fe to estimate redox condi
tions. The only stipulation Is 
that the elements chosen must be 
present In saturated amounts with 
respect to known phases.

Concluslons

The diagram SI Cl-AI^Cl “Fe„CL 
Is a useful one wrth “which 2to 
study the chemistry of podzoliza
tion. Smooth trends within It can 
be used as prlma facie evidence of 
uniformity In the orlgInal parent 
material. The position of a part
icular point In the system can be 
measured In terms of an Index that 
shows how far the point Is from 
the compositional coordinates of 
the parent mater lai. The index Is 
a useful variable for the graphic 
display of any aspect of the 
variability of a podzol. A fur-

ther useful characteristic Is that 
the 1 InearIty of the trend In this 
system Is a good Indicator of 
relatively constant physlco- 
chemlcal conditions during soli 
development. Conversely, a curved 
trend Indicates variation In these 
conditions. Finally, the ratio 
derived by projecting the trend 
onto the Al-Fo^CL sideline can 
be used a& a valuable Indirect 
Indicator of redox conditions 
during the mobilisation of Al and 
Fe.
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Flgure 7. Diagram analogus to 
f Igures 5 and 6 but wl th extreme 
solubilities taken Into accout, 
l.e. kaolinite and goethite as 
least soluble phases, organic 
comp I exes as most so lub I e (see 
Chesworth and Macias, 1985).
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GUELPH PERMEAMETER NOW AVAILABLE 
COMMERCIALLY

D.E. El rick, W.D, Reynolds and N. 
Baumgartner

The Guelph Permeameter, which 
provides In-sltu measurements In 
unsaturated soli of the field- 
saturated hydraul Ic conductivity 
and the matrlc flux potential. Is 
now commercial ly available from 
Soft mo I sture Equipment Corpora
tion, Santa Barbara, California, 
Sollmolsture provides the "Model 
2800 KI Guelph Permeameter Kit", 
which IncIudes permeameter, tri
pod, auger, we I I prep tool, 
vacuim pimp, carrying case, water 
container, data sheets, and 
operating manual. Further Inform
ation Is available from:

So 11 Mo I sture Eq u I pment 
Corp,
P.O, Box 30025
Santa Barbara, CA 93105 
U.S.A.
(805) 964-3525

In February 1985, a LI cense 
Agreement was signed between the 
University of Guelph and Sollmols
ture Equipment Corporation for 
manufacturing and selling the 
Gue I ph Permeameter. OontractuaI 
research funding arrangements with 
the Ontario Ministry of Agricul
ture and Food give the Province of 
Ontario ownership of the techno
logy, The University acts as an 
agent In the commercial develop
ment.

Discussion of Method

The Guelph Permeameter (GP) 
method measures the steady-state 
recharge, Q [L^/TI, necessary to 
maintain a constant depth of 
water, H, In an uncased, 
cyl Indrlcal auger hole of radius, 
a, finished In unsaturated soil. 
The field-saturated hydraul 1c 
conductivity, K, , and the matrlc 
flux potential,1^ , are then cal- 
cul ated from Q, ft, and a using 
relationships based on a steady
state solution of Infiltration 
from a we I I Into unsaturated 
soil.

The method Is basically a 
constant head well technique, with 
the GP apparatus being simply an 
In-hofe Mariotte bottle. The 
constant water level In the well, 
H, Is set by adjusting the height 
of the GP's a Jr-In let tube,

Al though the method bears 
some resemblance to the "Shallow 
Well Pump-In" and "Inverted Auger 
Hole" methods, It uses a consider
ably different apparatus and pro-

Flgure 1. The Guelph permeameter provides In-sltu measurements In 
unsaturated soli of the field-saturated hydraul Ic conductivity and the 
matr I c f I ux potent I a I.

cedure, and It Is (appropriately) 
based on saturated-unsaturated 
flow theory (whereas the others 
are not) •

The relationship between Q 
and both K. and th Is given by t s m
(Reynolds et a 1, 1985),

I I 1pressure gravity capillarity 

where C I s a parameter represent- 
I ng the Integral of the pressure 
head gradients along the submerged 
surfaces of the well (l.e, a 
shape coefflcent). To obtain a 
good value for C we solve 
Richards' equation numerically for 
specified Input conditions, obtain 
Q and back out C. In saturated 
soils C Is a function of the ratio 

H/a only but In unsaturated soils 
It also depends somewhat on soil 
structure/texture and the back
ground water potential, । . 
Numerical simulations Indicate, 
however, that for soils at "field 
capacity" and drier (l.e. cp.C - 1 
m of water), users must choose 
between 3 C-value curves - one for 
sand, one for loam and structured 
clay, and one for unstructured 
clay.

Analysis of the error Intro
duced by choosing an Inappropriate 
C curve Is not yet completed. 
Preliminary work suggests, how
ever, that the maximum error that 
can be expected In a loam soil at 
field capacity Is on the order of 
30-40)6 for K, and a factor of 2 
to 3 for A, TSTm

There are several routes one 
can folcw to evaluate K, and <b_.

T 5
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Historically, calculations of 
K, have used only the pressure 
term In Eq. (1) (l.e. capillarity 
and gravity are Ignored), and C 
has been obtained from Glover's 
equation

C = Arcsinh (H/a)-1

wh Ich I s based on an approximate 
analytical solution of Laplace's 
equation.

We have Improved on Glover’s 
C(H/a) relationship both analytic
ally and numerically (the numeri
cal results appear to be the most 
accurate), but the estimate of 
K, can be considerably In error 
In unsaturated soils since 
Laplace's equation Is 
1napproprlate (Laplace's equation 
applies to saturated soli). We 
have called this approach the 
Laplace Analysis, because It Is 
based on solving Laplace's equa
tion.

A similar approach for 
estimating A Is to use only the 
capillarity term In Eq, (1), We 
call this analysis the Gardner 
analysis ( and It suffers from the 
same problems as the K, estimate 
using the Laplace analyses).

A third route Is to measure 
K, or (j) Independently (l.e, by 
usfng sorJS other method) and then 
calculate the remaining unknown 
u s I ng Eq . (1),

The above approaches are 
based on measuring Q at one 
H-level only.

A fourth approach I s to 
measure Q, and Qq at two H-1 eve Is 
(H, , H,, r and “then solve the 
resulting simultaneous equations 
(derived from Eq. 1) for both K, 
and $ (see Reynolds and ElrlcK, 
1986),m 1116 main problem that
arises here Is that soli 
heterogenlty or Inaccurate 
measurements can result in Invalid 
(l.e. negative) K, or $ esti
mates. This problem can be 
minimized by using yet a fifth 
approach, the least squares 
procedure.

The least squares procedure 
measures Q at 3 or more H-1 eve Is 
(l.e, H,, Hj, Ho,..,) and uses a 
I east squares 3 equation (see 
Reynolds and El rick, 1986) to 
solve for K, e and t .t s vm

The calculations In the 
fourth and fifth approaches can be 
carried out using a computer 
program, A check on the accuracy 

of the K, and $ measurements can 
be obtained froffl the Laplace and 
Gardner analyses. Theory dictates 
that the Laplace K| must over
estimate the actual rC, , and the

1 ’ ®
Gardner cfi must overestimate the 
actual T Consequently, If K, 
and ai determined using tni 
fourth”1 or fifth approaches are 
both post tive and both I ess than 
their corresponding Laplace and 
Gardner estimates, l.e.

Tm Tm
then both K, and d> can be f s km
ass urned to be reasonably 
accurate.
The procedure for obtaining K, 
and A measurements Is essentially 
as fo™ lows:

(1) Auger (or prepare In some way) 
a cylIndrlcal test hole. If a 
smear layer Is observed It 
must be removed, A 
" de-smear Ing" apparatus Is 
described In Reynolds and 
El rick (1986).

(2) Insert and start the GP 
apparatus. Monitor the 
discharge from the 
permeameter, which equals the 
recharge from the we 11 Into 
the surrounding soil, until a 
constant value (l.e. (X) Is 
obtained. Steady recharge Is 
often obtained within 5 
minutes In sands, whereas 
several hours are usually 
required In tight, 
unstructured clays. 
Structured I oams and clays 
often require on the order of 
1/2 to 1 hour.

(3) Raise the air tube (thereby 
raising H) and monitor the 
recharge until a new constant 
value (Qg) obtained,

(4) Repeat step (3) If desired,

(5) Refer to the C versus H/a 
curves and decide whether the 
soil would fit best as a sand, 
loam or structured clay, or 
unstructured clay. Choose the 
appropriate C-values (C, , 
0? > , • •) to go with the 
appropriate H/a ratios (H,/a, 
K/a,...), 1

(6) Calculate K, and <h using the f s m a*
computer program*.  You can 
also obtain the sorptlvlty, S, 
and the a value In K=K, exp 
(a<p) using Ts

S » /2(A9)(J>m 
and

11 -exp(a<p|) 1
3 Vs

Kfs 
a « -r-—

where A9 = 0 -

Because a Involves both
and (J> It Is the least precise 

m
of the four parameters.

The computer program Is 
available In FORTRAN-77 for 
use on a mainframe, In BASIC 
for use on the IBM-PC (or 
compatible), and In BASIC for 
use on the TANDY PC3A 
hand-held computer. Copies of 
these programs are avaliable 
from Sollmolsture Equipment 
Corporation or D, El rick at 
this Un Iverslty.
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THE WEATHERING OF BASALT IN AN 
ARCTIC ENVIRONMENT

L.J. Evans and W, Chesworth

Reports on the weathering of 
basalt have been mostly from stud
ies In subtropical and tropical 
environments, with Investigations 
In arctic environments rare. In 
the simmer of 1979, five Regosollc 
Turblc Cryosols developed on bas
alts of Tertiary age were sampled 
at Cape Dyer, Baffin Island, 
N.W.T. and their chemical composi
tion and mineralogy examined. The 
mean annua I so 11 temperature of 
the area (66’35'N) Is -10.3’C and 
the precipitation 663 mm, with 
over 6 m of snow recorded annual
ly.

Mineralogical and chemical 
evidence Indicated that some 
weathering of olivine and augite 
had occurred during pedogenesis, 
although the relative changes In 
contents of Ca and Mg were not 
large (Table 1), TTiat weathering 
was not extensive was further 
substantiated by the small amount 
of clay sized material formed 
during weathering and the absence 
of the usual secondary products of 
weathering of basalt.

Contamination of the basaltic 
soils was suggested by the follow
ing observations - the presence of 
small amounts of quartz In fine 
sand and slit fractions; the high
er contents of Na^O and K«0 In the 
soli samples relative to^the rock 
samples (Table 1); and the 
presence of dloctahedral vermlcu- 
I Ite In the clay fractions. 
VermlculIte has previously been 
reported In the C horizons of 
so I Is developed from granitic 
materials at Broughton Island, 
approximately 150 km north of the 
study area.

Precambrian granites outcrop 
at elevations of 700-800 m along

Figure 1. Average chemical composition of soil and rock samples, 
plotted In A,2°3“Na2O"TIO2 co-ordinates.

the Arctic coastline of Cape Dyer 
and essentially surround the bas
altic outcrops. Many of the Pre- 
canbrlan boulders show evidence of 
wind erosion In the form of 
tafonl. It Is suggested therefore 

that eolian additions of granitic 
material area likely mechanism to 
account for some of the d I f fer- 
ences In the chemical and mineral
ogical composition of the soil and 
rock samples. Represented graphl-
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cal ly (Fig. 1) the trend In compo
sition In the soil samples rela
tive to the rock samples Is 
towards the Na90 apex of the tern
ary pl ot Na?0 - AI - TIO9, with 
the averagezsoll ancrrock composi
tions projecting towards a compos
ition consistent with albite.

Table 1, Average chemical conposltlon of rock and soil samples.

Si°2 ai2o3 FeO Fe2°3 CaO MgO K2° Na20 tio2 h2o

Rock 47.55 1 5.22 5.43 6.68

------ *

8.80 1 1.26 0.08 1.39 0.98 1.83
Sol 1 48. 39 1 5.67 5. 75 5.50 7.49 10. 52 0,22 1.98 0, 97 2.30

OPERATIONAL DEFINITION OF IMOGO- 
LITE/ ALLOPHANE PHASES BY MULTI
TECHNIQUE ANALYSIS

A detal 1 ed study of 9 dif
ferent samp les of natural and 
synthetic Imogol Ite, proto- Imogo- 
Hte and allophane was made using 
the following techniques: 29si and 
2'Al maglo-angl'e spinning nuclear 
magnetic resonance, x-ray diffrac- 
t Ion, electron microscopy and 
Infrared spectroscopy. The dif
ferent techniques have differing 
sensitivities to the range of 
ordering present and Their 
combined appl Ication to al I 
samples studied provides an 
operational definition of the 
phases In terms of the degree and 
range of ordering present.

The limiting cases are Imogo-

I Ite, defined as having character
istic properties of short, medlim 
and extreme long range ordering, 
and allophane, which shows no or
dering on any scale by any of the 
techniques used, and Is taken to 
be conjpletely amorphous. Between 
these extremes, a range of order
ing behaviour Is observed: proto- 
Imogollte, which lacks the very 
long range ordering of ImogolIte, 
but otherwise resembles It; and 
materials that have the short 
range order of ImogolIte but are 
otherwise like allophane.

The two Intermediate phases 
provide convenient reference 
points In what appears to be a 

continuous spectrum from the most 
ordered substance, Imogol Ite, to 
a 11 ophane, the comp I etely d I s- 
ordered end member, which at this 
stage must be regarded as a theo
retical end member, since none of 
the allophanes examined showed 
coniplete disorder.

1 University of Guelph, Guelph, 
Ontario, Canada.

2 University of Northern Illinois, 
de Kalb, Illinois, U.S.A.

3 Cornell University, Ithaca, New 
York State, U.S.A.

CORRELATION OF SPECTRAL DATA TO 
SOIL PROPERTIES WITHIN FIELDS

Airborne Mu I11spectra I 
Electro-Optical Imaging Scanner I I 
(MEIS I I) data (3 metre resolu
tion) was collected at six 
research sites In Ontario (Fischer 
and Protz, 1985), At the Delhi 
site the data was c lassi fled by 
the unsupervised classification 
procedures In the ARIES-1 I system. 
This classification resulted In 4 
soil spectral classes within one 
field. On the basis of this 
classification 34 sampling sites 
were located within the field and 
soil profiles collected to 
represent the four spectral 
classes of so 11. The organ I c 
matter content, particle size 
distribution and pH were 
determl ned for each sampl e. The 
surface refl ectance va lues for 
three wave I engths for each so 11 
group are shown In Figure 1. 
Confusion occurs In groups b and c 
within wavelengths of 0.76 - 0.90 
^m and 0,52 - 0.60 (im» This con
fusion Is due to portions of the 
field having si ight amounts of

Figure 1. Relationship between percen t organ I c matter in the Ap horizon 
and reflectance on the Delhi subsite. (Al I 34 soil profiles Included.) 
Wavelengths used are 1) 0.76-0.90 [j.m, 2) 0.52-0,60 p.m, and 3) 0.63-0.69 
p,m whereas a,b,c,d Indicate soil spectral classes.

C* Fyfe^, J* Graham^, M. McBride?, 
L. J. Evans* and W. CheswortlJ

J. Fl scher^ and R. Protz^
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vegetation. When the 7 si Ightly 
vegetated sites are removed, the 
four groups are clearly separated 
within each wavelength (Fig. 2). 
The refl ectance va lues correlate 
well with organic matter content. 
Thus, It Is clear that the MEIS II 
data can east ly detect eroded 
soils within any field and with a 
3 metre pixel the size of area 
eroded can easily be measured and 
the amount of soil I ost can be 
quantified If combined with varia- 
bI I Ity measurements of soli 
properties.

LI terature Ci ted:
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Figure 2. Relationship between percent organ I c matter In the Ap horizon 
and ref I ectance on the Delhi subsite (non-vegetated soil prof 11 es on ly) . 
Wavelengths used are 1) 0.76-0.90 [im, 2) 0.52-0.60 jj.m, and 3) 0.63-0.69 
p,m whereas a,b,c,d Indicate soil spectral classes.

TOWARD A SOIL PHYSICAL TESTING 
PROGRAM

E. Gregorich, B. Merchant, M. 
Trudel Ie, I. Van Wesenbeeck, H. 
Geering, P. Groenevelt, J. Koch, 
E. Dickson

Standard testing of the phy
sical well-being of the soil lags 
far behind Its chemical counter
part. In an attempt to assess the 
feaslblIIty of a standard sol I 
physical test, the Graduate Class 
of Applied Soil Physics undertook 
the following project, making use 
of measurement techniques recently 
developed In the Department of 
Land Resource Science,

It was first considered that 
soli sampl ing by farmers and other 
consumers should be similar to 
that for fertility testing by 
obtaining a composite sample of 
several disturbed subsamples. In 
order to provide a representative 
sampl e for the project, a I arge 
disturbed soil sample of a Guelph 
loam from a cultivated field was 
collected and compared with a 
second disturbed sample of the 
"same" soil from a field that has 
been under sod for over 30 years. 
Both raw samples were gently 
worked through a 5 mm sieve at 
field moisture content (0 = 14%) 
In order to remove stones and 
large roots without remoulding the 

soli. Th e two « 5mm) s I eved 
samples were given labels, "CUL" 
and "SOD", respectively, and 
consisted mainly of soil 
aggregates with a few fine roots 
and some gravel and sand-sized 
particles.

Secondly, it was considered 
that time taken to prepare the 
sample and carry out the tests Is 
of economic Importance for a 
routine testing program. Already 
In sieving, working through a 5 
mm sieve required far less time 
than using a 2 mm sieve. In order 
to provide a "quick" means of 
assessing the sensitivity of the 
physical soil tests, a portion of 
the CUL sample was compacted 
according to the standard Proctor 
procedure (25 blows). After com
paction, the soil was gently 
broken up and again worked through 
a 5 mm sieve. Many aggregates 
were visibly flattened by the 
pounding and were given the label 
"COM"• A second port Ion of the 
CUL sample was thoroughly puddled 
at saturation moisture content (0 
~ 34%), in order to complete!^ 

destroy the aggregates. After 
puddling, the saturated paste was 
slowly air dried to the original 
moisture content (0^ ~ 14$), then 
gently broken-up and again passed 
through a 5 mm sieve. The newly 
derived aggregates from this 
treatnent had a "flaky" appearance 
and were labelled "PUD",

Tests used In the Physical Soil 
Testing Program'

A series of physical tests 
were carried out on all four 
"soils", as discussed below, and 
Interpreted with the following 
available Information on Guelph 
I oan (GL). A check on the PSA 
revealed that both the CUL and SOD 
soils would classify as silt loams 
(Table 1).

Further Initial Information 
was obtained on the four test 
"soils" with respect to:
(1) their plastic (PL) and liquid 

limits (LL) by Atterberg's 
test;

(2) the stability to quick-wetting



Table 1* Preliminary Information on Guelph Loam (GL) Soli.

Sol 1 Organ 1 c 
Matter Sand

Particle Size Analysis (PSA) Moisture Retention Characteristics (MRC)
U.S.D.A
St l + Clay

1nternatlonal
0.05 1/3 1/2 15 (bars)Sand $11+ Clay

- %---------- ---------- ------------. $----------- -------- 0 —
Genera 1* van les 40 44 16 63 21 16 34 21g 17 8.5
SOD 6 28.7 61.2 10.1 73.4 16.9 10.1 — — -
CUL 3 28.9 54.3 16.8 63.6 19.6 16.8 * - -

of their air-dry and ranoulded 
(> 5 mm) aggregates by
Emerson's test; and

(3) the stabl I Ity to quick and 
slow-wetting of their (0.5 - 1 
mm) aggregates from their 
"high energy draining charact
eristics", using a Haines's 
filter funnel. The results 
from these tests are shown In 
Table 2 and Figure 1.

Tests (4) through (9), were 
subsequent!y performed on so 11 
aggregates at field moisture con
tent (Q ~ 14^) and comprise meth
ods re&arched at the Department 
of Land Resource Science:

(4) Wet aggregate stability of 
(1-2 mm) aggregates by the 
Rachar and modified Yoder 
methods;

(5) % Dispersible clay of (1-2 mm) 
aggregates by the Ra char and 
ultrasonic methods;

(6) Air permeability (m/s) of 
cores compr i sed of « 5 mm) 
aggregates, packed to an aver
age bulk density, p = 1,39 x 
1 (P kg/nr, and equilibrated at 
-0.05 bars matrlc potential on 
a tension table;

(7) $ linear penetrability (PLP) 
of a 150 jim diameter penetro
meter In soil cores used in 
(6) at maximum tip pressures 
of 7 and 10 bars respective
ly;

(8) Subsidence (mm) or linear 
shrinkage of cores comprised 
of « 5 mm) aggregates, packed 
to an average bulk density, p 
= 1.16 x 1 CP kg/nP and sub
jected to 3 one-step wetting 
and drying cycles between 
-0.002 to -0.1 bars matrlc 
potential In a Haines's filter 
funnel;

(9) CompactablI Ity of 1 kg samples 
of / 5 mm field moist aggre
gates by the Rowe-cel I compac
tion-index method.

The results from these tests 
are presented in Table 2 and the 
original underlying concept behind 
the entire series of tests was as 
fol Iows:

Figure 1. High energy draining curves for 0.5 - 1 mm aggregates.
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* General information from the Dept, of Land Fbsource Science, Univ, of Guelph
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If the SOD and CUL samples 
produce the same experimental 
results then, obviously, cultiva
tion has done I Ittle harm. 
Concurrently, If the COM and PUD 
samples produce the same results 
as the SOD and CUL samples then, 
obviously, the soli Is not very 
sensitive to compaction and work
ing the field when It Is too wet. 
Conversely, If SOD = CUL, but COM 
/ CUL and PUD / CUL then one may 
conclude that cultivation has not 
yet done much harm, but the soil 
Is sensitive to compaction and 
smearing, and caution Is required. 
Furthermore, I f CUL t SOD and COM 
/ CUL or PUD / CUL then, obvious
ly, some damage has been done by 
cultivation but traffic and work
ing very wet soil will lead to 
further deterioration. Finally, 
if CUL A SOD and COM = CUL and PUD 
= CUL, then apparently cultivation 
has done al I possible harm and 
further compaction and puddling 
wll I not lead to further deterlor- 
at ion.

Results and Discussion

Both SOD and CUL soils 
differed substantially with 
respect to their so 11 organIc 
matter (0M$) and PSA (Table 1), 
but both had large amounts of slit 
and/or fine sand with only 10% and 
16$ clay contents, respectively. 
The Atterberg limits (Table 2) 
reflect these analyses. The SOD 
soli with the greater sand content 
has a smaller plastic Index, 
(LL-PL) = 4.4$, vs. 10$ for the 
CUL soli. The higher PL of the 
SOD soil Indicates that it Is 
likely to maintain a friable 
consistence at higher moisture 
contents than the CUL soil which 
has both a lower PL and a lower 
O.M. content than SOD so 11. It 
also should be noted, however, 
that fibrous roots In the SOD 
sampi e coal d have resul ted I n a 
higher apparent value of PL than 
that of the CUL sample which had 
fewer fibrous roots. Using the 
MRC (Table 1) as a guide and the 
above values for the PLs (Table 
2), one would anticipate that the 
SOD soil could be tilled near the 
mid-range of field capacity (-1/3 
bar) and the CUL so 11 shou I d be 
111 Ied at the "dry-end" of field 
capacity (-1/2 bar) *

On the basis of the high 
amounts of silt and/or fine sand 
In these soils, one would antici
pate that the aggregate stability 
during flooding would rely on Its 
Initial water and 0M content. 
Air-dry aggregates with low 
organic matter content would slake 
Immediately. This anticipated 

behaviour was first confirmed 
using Emerson’s classification 
test with (> 5 mm) aggregates 
(Table 2). Both distilled water 
and 0.01 MCaCI ? were used. The 
classes In this test range from 1 
to 8; the higher the number, the 
more "stable" the soil. The air
dry SOD aggregates did not slake, 
but appeared si Ightly swollen 
after Immersion in water and rated 
as class 7. By contrast, the 
a Ir-dry CUL aggregates si aked 
immediately In both distilled 
water, and In 0.01 MCaCI?, but 
showed no dispersion of clay In 
distilled water, even after re
moulding at field capacity. Sub
sequent shaki ng I n water of the 
remoulded aggregates produced a 
suspension of clay that did not 
fIoccuI ate after 2 hrs standing. 
There also was no presence of 
carbonate or gyp sun. The air-dry 
CUL aggregates were rated as class 
5, as were also the physical ly 
treated samples, COM and PUD.

Visual confirmation of the 
anticipated slaking behaviour of 
the air-dry CUL aggregates under 
conditions of Immediate flooding 
vs. flooding after slew-wetting Is 
shown In Figure 1 by comparing 
their "high energy drainage 
characteristics". If completely 
stable, the inflection for the 
(0,5 - 1 mm) aggregates used I n 
this test should occur at a matrlc 
potential of (p 3 12 cm FLO, as 
shown by curve (1) for the 
slow-wetted aggregates. No 
Inflection Indicates complete 
break-down, as shown by curve (2). 
Even the a Ir-dry SOD aggregates 
(0.5 - 1 mm) do not show a single 
well-defined Inflection (curve 3) 
when subjected to Immediate flood
ing; this, In part, could have 
been due to the presence of fi
brous roots affecting the 
aggregates settling In the water 
onto the sintered disk of the 
filter funnel. Examination of the 
aggregate-beds after flooding and 
draining revealed that the slew- 
wetted CUL aggregates appeared 
completely Intact, while the air- 
dry CUL aggregates had completely 
slaked, but the air-dry SOD aggre
gates appeared, again, largely 
i ntact.

The results of the Emerson 
test and the draining character
istic test, Indicated that the 
air-dry aggregates of the CUL, COM 
and PUD "so Ils" were comp I etely 
unstable when Immersed directly In 
water, while the a ir-dry SOD 
aggregates were stable. Pr lor 
s I cw-wettlng, however, greatly 
increased the stability of these 
aggregates. Therefore, further 
testing was carried out on the 

field moist samples to see 
specifically If there was any 
method sufficiently sensitive to 
distinguish between the CUL, COM 
and PUD "soils". The results from 
this part of the testing program 
are g 1 ven by tests 4 through 9 
(Table 2).

Among the tests, It Is evi
dent that the modified Yoder test 
was best able to distinguish all 
four "so I Is" from one-another. 
Had a ir-dry aggregates been used 
Instead of field moist aggregates, 
this test would not have 
distinguished between the CUL, COM 
and PUD soils, as when air-dry 
they siake comp!etely without a 
slow pre-wettlng treatment. The 
Rachar test prescribes a pre- 
wettlng treatment at 1-cm suction, 
but subsequently appl les greater 
energy to breakdown the aggregates 
than the Yoder method. The 
sequence of the water aggregate 
stability for these two tests 
(test 4) Is:

Yoder : SOD > CUL > COM > PUD 
Rachar : SOD > CUL > COM = PUD

The latter sequence was again 
obtained with respect to least $ 
dispersible clay In the Rachar 
dispersion test (test #5), as 
measured In the suspensions from 
the Rachar test In test #4, 
following removal of the water 
stable aggregates (0.025 - 2 mm). 
The ultrasonIo-probe (test #5) 
provided to be too strong to use 
as a means of distinguishing the 
four soils In terms of $ 
dispersible clay from unstable 
aggregates, even at the lowest 
setting.

The aIr-permeablIIty values 
(test #6) of soli cores, 
containing «5 mm) aggregates at 
-0,05 bars matrlc potential, 
reflect more the aggregate si ze 
distribution of the Individual 
sample and mode of packing In the 
core than any Intrinsic property 
of the soli aggregates. This 
result would be expected even If 
the cores were not packed to the 
same average bulk density (1.39 x 
1 (P kg/iYP), One might expect this 
to be true of the resistance to 
penetration In these same cores, 
but In test #7 the resistance 
a 150y,m diameter probe encounter
ed could also depend on the pene
trability of the Individual soli 
aggregates. The results for test 
#7 (Table 2) appear to reflect 
more the latter, In that the COM 
cores with the hIghest value of 
a Ir-permeablI ity (test #6) did not 
give the highest value of $ linear 
penetrability (PLP). The se-
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Table 2, Results of physical soil tests used In the soli testing program. 
(SD = standard deviation; n = no. of determinations)

Uncultivated CuitIvated Compacted Puddled References
SOD CUL COM PUD to testing

Physical Tests Value SD n Va1ue SD n Value SD n Va 1ue SD n proc ed ires

1, Atterberg Limits LL,0g % 28 0.5 4 28 0.5 4 28 0.5 4 28 0.5 4 3
PL,0g ? 23.6 1 2 18 1 2 18 1 2 18 12

2. Emerson's Stability class (7) (5) (5) (5) 6

3. Aggregate stability by See See 5
H.E.D.C Figure 1 Figure 1

4. % Wbter stable Yoder 66.5 1.1 3 47.7 2.5 6 41 3.6 5 21.3 0.9 3 4
aggregates Rachar 50.7 3,6 3 33.1 0.7 3 9.7 1.7 6 8.3 0.9 4 8; 10

5. $ Dispersible Rachar 0.72 0.34 3 5.0 0.8 3 8.7 1.7 6 7.2 0.9 4 8; 10
clay Ultrasonic 11.6 2.7 3 17.2 1.2 3 15.7 0.5 3 19.3 1.1 3 9

6. Air permeab111ty 0.9 - 2 3.4 - 2 6.3 - 2 2,3 - 2 7
(m/s x 100)

7. ? Linear penetrability
at tip pressure: 7 bars 82-2 96 2 77-2 61-2 7

(1 50 p,m di am. probe) 1 0 bars 85-2 98-2 87 - 2 79-2

8. Subsidence (mm) 1 cycle 0.08 - 1 0.45 - 4 0,30 - 4 0.38 - 4
2 cycles 0,14 - 1 0.56 - 4 0.55 - 4 0.56 - 4 1
3 eye 1es 0.17 - 1 0.74 0.1 4 0.64 0.1 4 0.67 0.1 4

9. Rowe Cell compaction Index 0.275 - 1 0.38 - 1 0.33 - 1 0.32 - 1 2
at field molsture(0g~ 14?)

1. Allen, N. 1984. The Instability Index: A method of measuring the soli structural stability of cultivated 
seed beds. M.Sc. Thesis. University of Guelph, Guelph, Ontario.

2. Angers, D. 1985. Influence of cropping history on compaction characteristics of an aggregated soil. 
M.Sc. Thesis, University of Guelph, Guelph, Ontario.

3. Black, C.A. (ed.), 1985. Methods of Soil Analysis, Part 1, Chap. 31. Agron. Soc. Monograph No. 9.
Am. Soc. Agron. Soc. Inc. Madison, Wl sconson.

4. Ibid. Chap. 40 and modified Yoder procedure, used In the Dept.of Land Res. Scl., Univ, of Guelph.

5. Collis-George, N., and Flgueron, B.S. 1984. The use of high energy moisture characteristic to assess 
soil stability. Aust. J. Soil Res. 22: 349-56.

6. Emerson, W.W. 1967. A classification of soil aggregates based on their coherence In water. Aust. J. 
Soli Res. 5: 47-57.

7. Groenevelt, P.H., Kay, B.D., and Grant, C.D. 1984. Physical assessment of a soil with reference to 
rooting potential. Geoderma 34: 101-114.

8. Molope, M.B., Page, E.R., and Grieve, I.C. 1985. A comparison of soil aggregate stability of cultivated 
seed beds. Common, in Sol l-Piant Anal. 16: 315-322.

9. North, P.F. 1976. Towards an absolute measurement of soil structural stability using ultrasound. J. 
Soil Scl. 27: 451-459.

10. Rachar, D. 1985. Unpublished procedures for water-aggregate stability and % dispersible clay from 
end-over-end shaking. Dept. Land Res. Scl., Univ, of Guelph.
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quences for ease of penetration In 
the four "soils" at maximum tip 
pressures of 7 and 10 bars were:

7 bars: CUL > SOD > COM > PUD 
10 bars: CUL > SOD = COM > PUD

The last two tests provide a 
measure of the subsidence tendency 
and the compactlblIity of a newly 
prepared seed-bed of « 5 mm) 
a99r'e9a+0S and of an Initial bulk 
density, 1.16 x 1 CP kg/n?. The 
subsidence results (test #8, Table 
2) are expressed as mm of cumula
tive linear shrinkage after each 
wetting and dry i ng eye I e between 
matrlc potentials of -0.002 to 
-0.1 bars. In this test, the SOD 
soli shewed the least amount of 
total subs Idence and was c I ear I y 
different from the CUL, COM, and 
PUD "soils", which were In- 
d I si ngu I shab Ie and gave total 
subsidence values 4 times that of 
the SOD soil.

Similar results were also 

obtained In test #9 for the com
pactability at field moisture 
content (14^) by the Rowe Ce 11 
compactability index. The Index 
Is taken as the slope of the 
I Inear portion of the average bulk 
density (p) of the bed of aggre
gates In the Rowe Cell vs. the 
common I og of the appl led pressure 
In kg/cnr. The range of pressures 
used jn the Rowe Cel Is was 0 to 8 
kg/cnr and was appl led In 1 kg 
samples In 60 second, 1/2 to 1 
kg/err?, I ncrements. As expected, 
the SOD bed of aggregates, (those 
with the least subsidence In test 
#8), also gave the Iowest Rowe 
Index value. As only one run was 
made on each of the four "soils", 
however, It Is not possible to 
distinguish among the higher 
Index-values obtained for the 
other soils. The results, If 
verifiable, would Indicate that, 
at field moisture content, the CUL 
bed of aggregates offered the 
least resistance to compaction. 
The higher resistance offered by 

the COM and PUD beds of aggregates 
could reflect their Initial treat
ments In producing denser aggre
gates than the CUL soil by 
Proctor-compaction and puddling, 
respectively. This Interpretation 
Is consistent with the penetra
bility results In test #7 which 
show the same trend as for the 
relative ease of compaction (test 
#9) of the CUL, COM and SOD soils. 
Finally, the order of resistance 
to compaction at field moisture 
content (tests #7, 8, 9; Table 2) 
woul d be:

SOD > PUD > COM > CUL.

The soils used in this pro
ject are high In fine sand and/or 
silt content and are potentially 
highly erosive. Without adequate 
organic matter or some other means 
to bind the particles, air-dry 
aggregates slake Immediately when 
Immersed In water and also In 
0.01M CaCI-. Spontaneous 
dispersion of^ the clay In water 
fol IcwI ng slaking was not evident. 
Hence, one would not expect any 
stabilising effect from 
ameliorative agents such as 
gypsun. Conversely, considerable 
Increase in the apparent stability 
of the aggregates Is observed when 
they are either pre-wetted or when 
they are Initially at water 
contents wetter than permanent 
wilting point. It was only under 
these conditions that certain 
physical tests distinguished 
stability differences among the 
CUL, COM and PUD "soils". Nearly 
all of the tests were able to 
distinguish between the SOD and 
CUL "soils", but the measurement 
of water aggregate stability of

Cone I us Ions 

the field moisture aggregates (the 
modified Yoder test) appears to be 
the most sensitive for defining 
the relative stab 11 Ity In water of 
all four "soils". Somewhat less 
sensitive, but completely self- 
consistent, were the combined 
determinations of water-aggregate 
stab 11Ity and % dIsperslble clay 
of Ra char.

Al though the other tests were 
not as discriminating as the 
measurements of stability tn 
water, they do provl de useful 
Information for soil management. 
For any routine testing progran, 
the decision about which of these 
tests should be Included would 
depend first of a I I on preliminary 
Information regarding the site 
location, soli profile, farming 
history, and any specific problems 
that may pertain to the physical 
properties of sampled soil. 
Secondly, and of equal Importance, 
Is the budgeting of cost and time 
regarding equipment, sampl Ing, 
samp I e-preparation and actual 
testing.

The following determinations 
are r ecommended as being most 
economical from the standpoint of 
Information gained with minimum 
labour and equipment and a 1 kg 
composite sample of soil:

1. Organ Ic matter (%);
2. Particle size;
3. Moisture content (field, 1/3 

and 1 5 bars);
4. Atterberg limitsand plasticity 

Index;
5. Water aggregate stability by 

Emerson’s Test and the modified 
Yoder Test;

6. Water-aggregate stability and ? 
dispersible clay by the Rachar 
method.

Finally, for assessing the 
physical well-being of a soil It 
Is essential that a sample of 
virgin or uncultivated soil from 
the same area be tested simultan
eously by the same procedures.
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A SOIL LOSS TOLERANCE EQUATION 
BASED ON SOIL PROPERTIES

P.H. Groenevelt and S,H, 
Bruns+lng

Modern agriculture, In par
ticular row crop production, has 
to learn to live with soli ero
sion. In order to establish at 
which level of Intensity modern 
agriculture can be sustained, It 
Is necessary to know what maximum 
amount of yearly soli loss Is 
tolerable.

Present concepts of soli loss 
tolerance are vaguely based on 
historical soil formation times, 
expressed In soil depth per time 
period, e.g. one Inch In thirty 
years (Bennett, 1939) or one foot 
In 12,000 years, based on the 
retreat of the Ice cap.

We propose that this concept 
of soil formation rate In the 
determ I nation of the soli I oss 
tolerance be replaced by a soil 
formation time, expressed In year, 
and defined as follows:

The "Soil formation time" 
(yr) is the period of time re
quired for an element of subsoil 
or bedrock, after Incorporation 
Into the present Ap-horlzon, to 
become equivalent In productive 
capacity to the soil now present 
in the Ap-horlzon. This soil 
formation time will be Indicated 
by T (yr). Such values as x =50 
yr for loess soli and x = 10,000 
yr for granite may be considered 
as preliminary estimates.

The productivity capacity of 
the Ap-horlzon, which is to be 
preserved, will be Indicated by P 
and expressed in mm of "quality" 
soli, defined as "of the quality" 
of the present topsoil. The sym
bol P may be considered to stand 
for "Plow layer" or "Preservation 
zone" or, In case of zero tillage, 
"Production zone".

The soil loss tolerance, T, 
expressed In mm/yr. Is defined 
according to Wlschmeler and Smith 
as the maximum permissible soli 
loss per year which allows high 
productivity to be maintained 
economically and Indefinitely,

In general, the Incorporation 
of subsoil material or bedrock 
debris Into the Ap-horlzon leads 
to a decline In the productive 
capacity of the Ap-horlzon. 
Therefore, a "preservation criter
ion" has to be chosen.

This criterion may be formu
lated by

P (t=t) > a P (t=o), ■ (I)

Indicating that the productive 
capacity of the production zone at 
no time In the future shall drop 
below, say (for a = 0.9) 90$ of 
the present (t=0) productive 
capacity.

The required sol I prof 11 e 
data are the ^-values for al I 
positions, z, below the bottom of 
the plow layer. This q;(z) func
tion can have any form, and any 
form can be dealt with in the 
following procedure. For 
simplicity, however, we will here 
deal only with the case of a deep, 
homogeneous profile with a con
stant soli formation time,

The quality of the plow layer 
at a certain time t, P(t) can be 
found from the balance equation 
for so 11 qualIty:

P(t) = P(t=o) - Losses + (2)
Ga Ins

Under maximum tolerable soil loss 
conditions, the yearly loss will 
be T mm. The cumulative soil loss 
at time t*  can be found from

t*
L(t*)  = f Tdt = Tt* (3) 

t=o
The Gains are calculated as 
fol Iows;

In year t=1, T mm of subsoil Is 
Incorporated Into the plowlayer. 
It will take t year for this 
material to become "quality" soil, 
Assimlng that this process 1s 
I Inear, after the first year T/t 
(mm) of quality soli will have 
formed. During the second year, 
In which an additional T mm of 
subsoil was Incorporated, 2T/t 
(mm) of quality soil will have 
formed. The amount of soil forma
tion during year t Is thus found 
from the differential soil forma
tion function, g(t), as

t t t
g(t) = J —dt = — t (mm/yr)

t=o S To <4 >

The cumu I at Ive (I ntegral) sol I 
formation function

G (t* ) = f g(t)dt = / -—tdt = 

t=o. T „ t=o21 t* 2 ° (5)
2 To 

then provides the value for the 
cumulative amount of soil formed 
after t*  yr.

Substitution of equations 
(1), (3), and (5) Into equation 
(2) gives;

aP - P - it*  + ——t»2 (6)
2to

The balance (steady state) 
will be reached In the year, when 
the yearly loss Is equal to the 
yearly gain, i,e. when

T = 1-t*

h Toor, when
t*  « to (7)

Substitution of equation (7) Into 
(6) yields the new soli loss 
tolerance equation;

T = — (1 - a)P (8)

This equation states that the 
I arger the soil formation time 
(t >>), or the smaller the 
acceptable decline In productivity 
(a »), or +he shal lower the 
present Ap-horizon (P <<), the 
smaller the soil loss tolerance Is 
(T <<). Also, when the subsoil Is 
equal In productive capacity to 
the present plow layer (t = o), 
any amount of soil loss Is 
tolerable.

If we now assume reasonable 
values for P and a, say P = 200 mm 
and a = 0,9, then we find from 
equation (8):

T = 4 0/tq (mm/yr)

If we n ow have a homog e n eou s 
prof 11 e wl th = 50 yr, then

T = 0,8 mm/yr.

At a bulk density of 1.4 Mg m"^, 
this T value corresponds to 11.2 
Mg/ha/yr (= 5 ton/acre/yr). This 
Is the value which Is presently 
considered to be the soil loss 
tolerance for the most favourable 
subsoil condltons.

We challenge pedologists, 
geologists, physicists, chemists, 
biologists and agronomists to 
estab I 1 sh real I st Ic r -values for 
different subsoil and bedrock 
mater lais.

LIterature Cl ted;

Bennett, H.H. 1939, Soli 
conservation. McGraw HI 11, 
New York. 993 p.
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During the simmer of 1985 
two stud ents funded wlth NSERC 
Undergraduate Awards, and a grant 
from the Royal Canadian Geograph
ical Society conducted field 
studies In a number of wetlands 
across Southern Ontario, The 
sites were chose as ’classic 
examples' of either fens or bogs

based on existing literature and 
recommendations of other experts. 
Quantitative samples of soli and 
vegetation were taken in each 
case.

Analysis of the data Is not 
complete, but preliminary studies 
Indicate that there are Indeed 

certain species and soil 
characteristics which are typical 
of fens at one extreme and bogs at 
the other. Analysis Is continuing 
to compare the specific results 
for Ontario to those reported in 
the I iterature for adjacent states 
and provl nces.

ESTIMATING SOIL EROSION IN ONTA
RIO USING SOIL 1 5 7-CESIUM

G, Kachanoskl

So 11 erosion I n Southern 
Ontario is considered to be a 
significant factor resulting In 
the degradation of the land base. 
However, there have been few ac
tual measurements of erosion 
rates. The only I ong term mea
surements are from the Department 
of Land Resource Science runoff 
plots which have been monitored 
for the past 33 years. The plots 
have proven invaluable, but are 
labour Intensive, expensive to 
operate and provide erosion values 
for one soil type and slope 
c lass.

The atmospheric testing of 
nuclear devices In the late 1950’s 
and early 1960's released ^37Cs to 
the atmosphere from which It was 
removed mainly by precipitation. 
The *3 7 Cs carried to the earth by 
precipitation was strongly sorbed 
to soil particles and can be used 
as a natural tracer to estimate 
soil movement and erosion. Esti
mates of — 37Cs losses or gains at 
the site are calculated bv compar
ing base levels of *37Cs with 
actual I eve Is at t Ime of samp I Ing. 
Base levels are estimated from 
fa I lout data, from * 370s I eve Is at 
noneroded sites, or from previous 
measurements at the same site.

In order to understand the 
long term effects of management on 
soil there Is a critical need to 
separate out biological and physi
cal processes causing degradation. 
This can only be accomplished by 
having an Independent measurement 
of erosion for field plots. The 
purpose of this research was to 
examine the application of “'Os 
for estimating erosion In Southern 
Ontario, Actual soil loss meas
urements from the long term runoff 
plots at the University of Guelph 
were compared to temporal changes

Table 1: Measured soil ^370s In 
non-eroded slope 
positions adjacent to 
long term runoff plots, 
Guelph, Ontario, Spring 
1985.

In 137Cs IeveIs from the same 
site.

Surface soli samples (0-150 
mm) were taken from the top and 
bottom of each of the runoff plots 
In 1965 and again In 1976 as part 
of the long term monitoring of the 
site. Bulk density of the plow 
layer was also obtained from un
disturbed soil cores (7 6 mm diame
ter), Additional undisturbed soil 
cores (7 6 mm dlam., 0-300 mm 
depth) were obtained In 1985 from 

Figure 1. Measured soli loss vs. measired 137 Cs loss for runoff plots 
(1965-1976),

adjacent permanent grassed and 
forested slopes to determine base 
levels of 337Cs In non-eroded 
sItes.

Measurements of ^370s (as of 
Spring 1985) In the non-eroded 
permanent grass and forest areas 
adjacent to the runoff plots at 
Guelph, Ontario are given In Table 
1* Th e average I eve I of soil 
l3'0s Is similar In the grassed 
and forested areas, and both are 
Just si Ightly below the expected 
range based on the rainfall meas
urements.

Averaged measured erosion 
rate (1965-1976) was significantly 
correlated (r = 0,8, Probability < 
0,01) to the percent soil ^370s 
loss over the same period. The 
regression I Ine relating erosion 
rate to percent *37Cs loss (Fig, 
1) Is almost Identical to the 
predicted relationship that as
sumes soil loss In the plough 
layer (mass = 195 kg/m) Is
proportional to ^370s loss.

The study indicates that 
monitoring temporal changes in 
l37Cs should be an accurate cost 
effective method of measuring soil 
loss In Southern Ontario,

Total Soil 
(Bq/m)

137 Cs

SI ope Grass Forest
Position Cover Cover

Upper 2112 2460

Middle 2706 281 6

Lower 2855 2620

Avg. 2558 2632

SOIL VEGETATION RELATIONSHIPS OF 
SOUTHERN ONTARIO BOGS AND FENS

S. HI Its, I. Attrldae. T. Volk
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THE MOBILITY OF IODINE IN 
ORGANIC SOILS

J.T. Koch and B.D. Kay

The long-term migration In 
organic soils of the radionuclide 
129 | | s of Interest to the evalu
ation of the concept of safe dis
posal, on the Precambrian Shield, 
of radioactive waste produced In 
Canadian nuclear power stations. 
In order to maximize the general
ity of findings concerning the 
transportability of *29  । |n organ
ic soils, soils of wide diversity 
with respect to degree of hunlfl- 
catlon and parent vegetation were 
selected for samplIng In 1984 (for 
Indices of diversity, see C/N 
ratio and ash content of the soils 
given In Table 1). The strategy of 
this approach I s to fact I Itate the 
search for a unified explanation, 
with respect to I transport, of 
a 11 the soils despite their dis- 
slmlI arIty• Indeed, the ability 
to discover the most significant 
factors affecting the fate of I Is 
crucial ly dependent on the divers
ity of properties of the chosen 
soils. Furthermore, In order to 
make expl left the most appropriate 
mathematical formulation of 129| 
retardation and transport In 
organic soils (or for any other 
Isotope of I), It Is necessary to 
elucidate the pathways or process
es, and their mutual competitions, 
by which I moves or Is Impeded.

The transport of radlolodlde 
In a saturated organic soli by 
means of mass^-flow and diffusion, 
and as modified by dispersion, Is 
expected to be subject to the same 
physical laws that apply to porous 
media In general. The work refer
red to here has concentrated In
stead on finding the factors In
volved In the removal of Iodide 
from the mobile solution phase to 
the Immobile solid phase. It was 
reported previously (1984 Progress 
Report) that the loss of Iodide 
from the solution phase was found 
to proceed at a rate that was 
constant for a given soil (In the 
time-frame of about 20 days) and 
Independent of I concentration. 
The Interaction between Iodide In 
solution and the soil matrix was 
found not to follow a simple sorp
tion Isotherm (particularly of the 
equl I Ibrlum type).

For various reasons It was 
suspected that micro-organ Isms 
might be Involved In the process 
of Iodide removal from solution In 
an organic soil. The Involvement 
of microbes was probed Initially 
using glucose. Glucose, 
general ly, Increased the rate of

Table 1 Some selected characteristics and chemical composition of the 
organ Ic so 11 s sampl ed ma I n ly on the Precambrl an Shi el d of Oh tar lo

Soil S te PH C/N Ash Fe Mi Cu Zn Pb 1 H9 +50*
No. Lat. Long. (CaCI9)

(°N) CW) — --------------(ppm)-------------- (ppb) (d)

1 46.47 83.65 4.7 14.4 60. 9 1.16 89 24 129 4,4 5.7 190 14.2
2 46.4 7 83.65 4.4 12.9 72.5 0.14 17 13 13 1.8 4,0 150 20.6
3 47.61 83.21 2.9 33.2 5.1 0.08 9 3 31 4.4 9,4 115 16.5
4 48.07 82.71 4.9 27.9 13.9 0.16 196 12 58 3.4 9.0 163 13.8
5 48.18 82.25 5.5 23.5 33.3 0.70 207 17 66 2.2 9.3 275 10.1
6 48.22 82.12 5.4 17.9 30.8 1.75 164 32 37 3.4 6.9 31 5 1 1.4
7 48.22 82.10 3.2 33.3 4.0 0.05 14 11 31 3.5 10.0 103 13.2
8 47.62 82.38 5.1 20.6 33.7 0.96 556 23 54 4.1 9.4 188 5.14
9 47.62 82.38 5.5 17.6 42.4 1,57 12700 22 46 0.6 119 255 0.64

10 46.62 81.21 5.5 17.6 28.1 0.97 346 46 25 3.9 6.0 203 12,9
1 1 44.42 79.80 5.8 16.6 20.8 0.52 355 7 35 3.9 25.0 208 1.02
12 44.42 79.80 5.9 15.1 18.4 0.49 210 12 98 3.6 15.5 203 6.88

Corr coeff r1 0.34 -0.03-0.45-0. 19 0.34-0.47 0.03 0.24 ). 04-0. 80*

t Simple linear correlation between total I and Indicated properties
(al I non-s Ign 1 f leant except +c0) • Data for so 11 9 were exc I uded from 
all calculations because of unusually high I and Mn values.

*1*
The time In days for half of 1 ppm Iodide to disappear from solution 
at a defined soli to solution ratio.

Statistically significant (P < 0.01),

Figure 1. Natural 127 । content of twelve organ Ic soils In relation to 
their measured rate of Iodide loss from solution (the soil nunber Is 
given for each datum).
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Iodide loss, but the soil with the 
highest Iodide loss rate was 
suppressed In this regard by 
addition of glucose. Thymol, a 
disinfectant, decreased the rate 
of loss In both this and the 
second fastest soli (the only two 
soils tested with thymol), but did 
not stop It.

On pre-treating sub-samples 
of the twelve collected soli 
samples with 10 Mr ad of gamma 
radiation (°^Co), sufficient for 
destruction of all microbes and 
enzymes, the rates of biological ly 
mediated processes of Iodide loss 
(control - 10 Mr ad) were found to 
exceed the non-bIoIogIcaI 
processes (10 Mr ad) for all soils 
(a ratio varying from 1.6 to 15.9) 
except for the one of highest 
iodide I oss rate (ratio = 0.6). 
Only one soli was totally 
Inhibited by the Irradiation of 10 
Mrad (soil 7). Biological 
processes, presmably microbial, 
thus appear to play a major part 
In determining the rate at which 
Iodide Is lost from solution In an 
organic soil.

The totaI I content of 
organic soils as found In nature 
could be expected to be related to 
the natural processes of I 
immobll I zatlon (assuming 
similarity In atmospheric and 
groundwater supply of I to all the 
sites at which samples were 
taken). Neutron-activation 
analysis revealed that the natural 
total I content of the twelve soil 
samples (Table 1) varied from 4 to 
119 ppm I with all samp I es, bar 
one, containing 25 ppm I or less. 
The soil that previously showed 
unusual kinetic properties (with 
respect to the rate of Iodide loss 
from solution) contained 119 ppm 
I. The natural I content of the 
samples was unrelated (by simple 
linear correlation) to sample pH, 
C/N ratio, and the contents of 
ash, Fe, Mn, Cu, Zn, Pb and Hg 
(Table 1). The I content was, 
however, related to ty as 
measured In the laboratory CTcn is 
the time taken for 50$ otu an 
appl Icatlon of 1 ppm Iodide to 
disappear from solution when In 
contact with the soli at a given 
soil to solution ratio). On 
logarithmic transformation of the 
data for all soils, I content was 
found to be correlated I I nearly 
with tsn (Fig. 1). A high content 
of I Itt the fI eld is thus seen to 
be assoclted with a high rate of 
Iodide loss from solution as 
measured in the laboratory.

The probabIe Involvement of 
Mn In the non-blologlcal ly medla-

Figure 2. The rate of Iodide loss from solution In twelve organic soils 
as affected by their manganese content (the soil number Is given for 
each datum).

Figure 3. The relationship between Iodide loss rates from solution to 
Irradiated and non-irrad lated soils (the soli nunber Is given for each 
datum). (The datun for soil 7 Is excluded as Iodide loss ceased on 
Irradiation of the soil.)
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ted processes of Iodide loss from 
solution Is supported by the evi
dence as presented In Figure 2. 
Although evidence alluded to above 
appeared to Indicate the dominance 
of biologically over non-blologlc
al ly mediated processes of Iodide 
loss, both kinds of mediations 
seem to occur simultaneously (ex
cept for soil 7 In which Iodide 
loss ceased on 10 Mrad gamma 
Irradiation). The association 
between the non-bIo IogIcaI Iy 
driven loss process of I
[+50(10 Mrad)J and +he overal1 
processes giving rise to t$g 
(biological and non-blologlcal) Is 
presented In Figure 3, The 
seemingly anomalous situation has 
arisen where the natural Iodide 

loss mediated by both biological 
and non-blologlcal processes (but 
dominated by biological processes) 
Is related to the non-blologlcal ly 
mediated loss of iodide after 
destruct ion of mlcrobes and 
enzynes (10 Mrad), Although non- 
blologlcal and presimably inorgan
ic catalytic processes are 
involved, the Interaction befween 
Io Ide in solution and the soil 
matrix of organic soils Involves 
biological and hence biochemical 
phenomena that conventional 
sorption-modelling approaches 
Ignore.

From the above findings It Is 
possible now to predict, 
statistically, the natural I 
content of an organIc soil (wi th In 

the domain of properties of the 12 
samples) given the measurement of 
+50' +50(1 0 Mrad) ’ or Mn con+en+* 
Alternatively, the I loss rate and 
Mn content can be predicted from 
the I content of the soil. Given 
information on 129| supply from a 
Ieaking waste vault through the 
geosphere to the biosphere, 
organic soils can be classified 
and Identified as to their rela
tive capabilities to retard the 
transport of this particular 
radionuclide In Its path through 
the soli to aquatic eco-systems.

Behold! Discover or 
d isquaI Ify!

Turbulent dispersion of gases 
can be modelled successfully using 
a two or three dimensional numer
ical simulation of particle tra
jectories using few parameters 
such as the source height and 
strength, the streamwise, lateral 
and vertical velocity profiles, 
and the atmospheric stability. In 
our model, we release thousands of 
particles and we give to each of 
them a trajectory that Is unique 
and that Is believed to represent 
In a statistical sense the trajec
tories that a fluid element would 
have out-of-doors. We have 
described adequately the behaviour 
of the three dimensional plume 
when the source height Is close to 
canopy top and/or above and also 
the dispersion of gases from bare 
surfaces and from grass.

In the case of the tracer 
release experiment conducted In an 
alfalfa field last summer, veloci
ty profiles could not be measured 
as there exists to this date no 
suitable three dimensional anemo
meter with the desired frequency 
response, sampling volume and 
threshold velocity.

From earlier work (Wilson et 
al,, 1981) we know that for "sim
ple" non-homogeneous, anisotropic 
shear flows, the vertical Lagran
gian length scale Is half the 
distance from the surface. How
ever, we are now looking at the 
dispersion inside canopies render
ing the equations much more com
plex and uncertain, hence the use 
of some heurIstlc model asstmp- 
tlons. Moreover, the three 
dimensionality becomes an impor
tant part of the equations as flow 
In vegetation exhibits much mean
dering superimposed on a very low 
mean velocity. The implication Is 
that the horIzontaI component of 
the flow must be characterized by 
a horizontal Lagrangian length 
scale or conversely by a horizon
tal Lagrangian timescale. The 
latter can be thought of loosely 
as the persistence of the horizon
tal velocities, while the Lagran
gian length scale can be thought 
of as the distance over which the 
Instantaneous velocities are cor
related.

We would like to match In
canopy "sensible" wind profiles 
and horizontal Lagrangian time

scales Inside our set of equations 
to describe the diffusion Inside 
an alfalfa canopy for any source 
height. So far, we can model with 
reasonable accuracy the diffusion 
from a given height of release but 
we so far have failed In writing a 
"universal" set of equations de
scribing the diffusion for all 
source heights.

At this point In time, we are 
searching for a unique solution 
recovering the concentration 
profile meaured. It Is believed 
that this problem will be much 
alleviated when proper velocity 
measurements are made n ext 
simmer,

Li terature CI ted

Wilson, J.D., Thurtel I, G, W., and 
Kidd, G,E, 1981, Numerical 
Simulation of Particle Tra
jectories In Inhomogeneous 
Turbulence, 11: Systems with 
Variable Turbulent Velocity 
Scale, Boundary-Layer 
Meteorol. 21: 423-441.

LAGRANGIAN MONTE-CARLO SIMULA
TION OF MEAN TRACER CONCENTRATION 
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The trajectory model has 
already been used In many applica
tions, such as In the estimation 
of the rate of loss of ammonia 
from a fertilized surface to the 
air as a function of time (Wilson 
et al., 1982) and also, more 
recently , to calcuI ate the rate of 
volatilization of urea from a bare 
so 11 surface (Me Innes et al., 
1986). These cal cu I at Ions were 
done for large circular plots (3 7 
m and 20 m radius) but the 
mathematical predictions cannot be 
extrapolated to plots of different 
sizes. The Implication Is that 
when a simultaneous comparison of 
many plots Is needed, the large 
amount of land required renders 
the experiment Impractical.

We have computed the rate of 
ammonia loss from four smalI 
circular plots, 3. 5 m in radius, 

to which only the liquid fraction 
of the manure was applied. Half 
of the pl ots were treated with 
monocal dun di phosphate, an agent 
believed to reduce both the foul 
odor and the volatilization of 
ammonia. The remaining plots were 
I eft untreated and a comparison 
was established between these two 
treatments throughout the phase of 
volatilization (approximately five 
days). The work Is presently 
being written up as an M.Sc, 
thesis by a student from the Agr. 
Engineering Dept, from the Univer
sity of McGI I I.

For Interest sake, we have 
computed the rate of loss ammonia 
for four roughness lengths and for 
three stability conditions. We 
have also studied the sensitivity 
of the model to the Introduction 
of streamwise and lateral 
turbulent fluctuations In the 
windspeed. The figures below 
I I lustrate we I I how turbul ent 

fluctuations become Important 
close to the surface and suggest 
that unless measurements are done 
at least 10 cm above the surface, 
the set of equations contained 
Inside the trajectory model must 
describe the behaviour of three- 
d imenslonal plume.

* Dept, of Agr. Eng. at the Un Iv. 
McGI I I.
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Figure 1. Predicted surface ammonia source strength for a circular 
plot.

ESTIMATION OF THE RATE OF AMMON
IA VOLATILIZATION FROM SMALL CIR
CULAR PLOTS: THE INFLUENCE OF THE 
INTRODUCTION OF THE STREAMWISE AND 
LATERAL VELOCITY FLUCTUATIONS

M.Y. Leclerc, G.W. Thurtell, P. 
Schuepp* and R. Brunkie*
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SEDIMENTARY ENVIRONMENTS AND 
DEPOSITS OF THE LOWER REACHES AND 
DELTA OF THE SUBARCTIC ALBANY 
RIVER, JAMES BAY, ONTARIO, 
CANADA

I. P. Martini

Numerous modern deltas have 
been studied (Coleman and Wright, 
1975). Most deltas reported In 
the non-Russlan geological I Itera
tor® relate to r Ivers of tropical 
and temperate regions. Few 
studies deal with arctic rivers, 
notably the hfaKenzle River In 
Canada and the Colville River In 
Alaska (Relmnltz and Bruder, 1972; 
McDonald and Lewis, 1973; Naidu 
and Mowatt, 1975). Even fewer 
comprehensive studies exist on 
American and European subarctic 
deltas (Sklnnner, 1974; DIonnne, 
1976; King and Martini, 1983). One 
reason for this perhaps Is that 
the subarctic deltas are formed by 
rivers which drain col d-temp erate 
regions, generally In areas which 
have been g laclated dur Ing the 
Pleistocene, thus they are 
potentially anomalous geologically 
because of the post-glacial Iso
static rebound of those lands. 
They experience hybrid sedimentary 
processes, varying from season to 
season between comp I etely frozen 
ground conditions to thawed cold 
temperate conditions. They show 
nival regimes character Ized by 
strong sprIng runoff associated 
with snow-melt and rainstorms. 
Indeed, the lower reaches of the 
rivers that form those deltas are 
more active than the arctic ones 
and, conversely, they are subject
ed to processes of ground and Ice 
conditions not experlenced by 
temperate and tropical rivers.

Objectives and Methods

The objectives of this study 
are to analyze the lower subarctic 
reaches and sandy delta of the 
Albany River, consider some of the 
most Important or peculI ar proces
ses associated with those frigid 
conditions, and estab 11sh the 
sedimentary facies of the various 
sub-environments.

This study Is limited to the 
subaerlal and Intertidal portion 
of the delta and I ewer channel 
reaches of the Albany River. Boats 
and helicopter were used to reach 
bank and Intertidal exposures. 
A helicopter was required to reach 
abandoned channels and Inter
fluvial wetlands.

The lower reaches, delta and 
adjacent coasts were mapped from 
air-photos and helicopter flIghts, 

and as many characteristic 
envlronments as accesslble were 
studied on the ground and sampled. 
Sedimentary samples were treated 
according standard techniques for 
grain size, mineralogical cornposi
tions and a variety of properties 
such as pH, calclim carbonate 
equivalent, conductivity, 
organically bounded Iron and 
aluminum (McKeague, 1978). Ice 
jammlng, Ice-reiated erosion and 
Ice rafting are Importatnt 
processes In the reaches studied. 
Such processes were monitored over 
four springs and their effect on 
the landscape was analyzed In the 
subsequent summers (Kwong and 
Martini, In press)

Preliminary results

The Albany River Is located 
In a subarctic region affected by 
sporadic permafrost. It has a 
nival regime, experiences yearly 
Ice Jams, and Its lower reaches 
(12Km) are affected by semidiurnal 
tidal excursions (2-3m high). The 
marine salt wedge penetrates about 
7Km Inland.

The river crosses and drains 
a slowly emerging vast flat wet
land. It entrenches and 
cannibalizes relatively thin 
(-20m) Quaternary sequences and 
cuts Into Paleozoic carbonate sub- 
stratun. The r Iver carries 1 arge 
suspended and solutIon I cads, a 
limited sandy bedload during 
flood, and an Ice rafted mixed 
load composed of peat, clay, sand, 
pebbles and boulders during the 
spring breakup.

Although the channels have a 
prevalent erosional regime, 
deposition occurs on sandy Inter
tidal river-mouth shoals, muddy 
organic-rich deltaic floodplains, 
gravelly sandy junctions, side and 
cross-channel bars, and In narrow 
rIbbons a I ong the r Iver banks. 
Most deposits have water reworked 
granular fine sediments, I ocaI ly 
mixed with Ice rafted coarse 
material and pebbles. Thick peats 
(1-2m ) cap large Islands and 
Interfluvial areas which are not 
directly Influenced by river sedi
mentation.
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GEOLOGY AND CERAMIC PROPERTIES 
OF SELECTED SHALES AND CLAYS OF 
SOUTHWESTERN ONTARIO

CeramIc tests were carried 
out on tiles 'formed1 using 
shales, clays, and mixes of such 
raw materials. Samples were 
col Iected from Southwestern 
Ontario (Central and Southwestern 
Region, Ministry of Natural 
Resources). They represent shales 
of the Blue Mountain, Georgian 
Bay, Queenston, Cabot Head, and 
Arkona units, two Quaternary 
glaciolacustrine clays and one 
Recent a I luvl a I I oam.

Most shales and clays contain 
a dominant amount of Illite, 
chlorite, and quartz (20-30$), a 
variable amount of calcite, and 
minor amount of feldspars, dolo
mite, pyrite, gypsun and Inter
stratified clay minerals. The 
alluvial loam from Nanticoke 
Creek, Southwestern Region, con
tains predominantly chlorite, 
vermiculite, Interstratified clay 
minerals and quartz sand.

Green (unflred) tiles were 
formed using:
(a) a de-al red hydraulic piston 

extruder equipped with a 
purposely designed dle- 
orlflce, and

(b) by "dry-pressing", 
Thirty-seven crushed samples of 
shales, clays and mixtures were 
machine extrud ed Into 95mm x 
44,5mm x 8mm tiles under vacuum. 
Seven selected samples were 
"dry-pressed" Into 178mm x 19mm x 
1 0mm green 111 es. The green 
strength (Modulus of rupture 
(MOR)) of the alluvial loam and 
one Pleistocene clay are 
consistently higher (7-5 MPa) than 

the shales (3-1 MPa) , The 
"dry-pressed" tiles are less dense 
In the green state and their green 
(MOR) are, on average, 46$ lower 
than those of the extruded wares.

A maximum of 5 tiles from 
each of the 16 raw materials 
(sites) and 21 mixtures, and a 
maximum of 2 tiles from each of 
the 7 "dry-pressed" samples (each 
representing a stratigraphic unit) 
were fired to a maximum of 6 
finishing temperatures (910’C, 
991 °C, 1050°C, 1086°C, 1 101’C,
1 117°C), Fired colours range from 
reddish brown to dark brown. Most 
tile products are hard (Mohr's 5), 
strong (MOR >30 MPa) and have 
negligible warpage (<1$).

Shales derived from the 
northern areas of Southwestern 
Ontario (Georgian Bay, Blue Mount
ain, and red facies of the Cabot 
Head units) perform consistently 
better than those of Southern 
areas In terms of having lew (<6$) 
absorption (5 hrs boll.) and 
longer firing range for manu
facturing of dense products. This 
study Indicates that the antipath
etic variation In carbonate and 
phyllosilicate (primarily Illite 
and chlorite) contents leads to 
the formation of denser products 
at lower firing temperatures for 
the lower carbonate materials.

This study has demonstrated 
that the firing characteristics of 
mixtures of raw materials are 
Intermediate to those of Individ
ual raw material components. The 
extent to which the fired charact

eristics of raw materials are 
changed depends on their mineral
ogy and proportion In the 
mixtures. Mixing abundant re
sources such as the lew carbonate 
portions of the shales of the 
Queenston and Arkona shales, with 
those of the Blue Mountain, Georg
ian Bay and Cabot Head (Pyette 
HI I I) un Its woul d produce mixtures 
that have Intermediate firing 
ranges for manufacturing of dense 
products, and would, In part, 
ameliorate, by dilution, problems 
such as concentration of pyrite. 
It would at the same time allow a 
managed maximization of the 
resources by providing a Iarger 
resource of more consistent 
character.
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South Central Ontario. 
Ontario Geological Sur vey, 
Open FI Ie Report 5571, 60 p.

Martin I, I.P., and Kowng J.K.P., 
1986, Geology and Ceramic 
Properties of Selected Shales 
and Cl ays of Southwestern 
Ontario, ONtarlo geological 
Survey, Open File Report, In 
press.

Formation and break-up of 
river Ice have been extensively 
studied In both cold temperate and 
arctic settings. In cold temperate 
areas where population density Is 
high, Ice jams and associated 
flooding cause severe damage to 
properties and roads. For this 
reason, most research efforts are 
being concentrated on the predict
ability of formation and break-up

of Ice Jams on the basis of 
metereologlcal Information.

Most stud les to date have 
monitored the formation, growth, 
and break-up of the Ice cover 
and, to a lesser degree, the asso
ciated erosion and flooding. 
Limited efforts have been made to 
evaluate the sedimentological 
Importance of river Ice processes, 

considering the Interrelated 
effects of freeze-up, break-up, 
Ice drive, Ice Jam, flooding and 
Ice melting on sedimentation. It 
is the general opinion of people 
working In arctic conditions and 
In mountainous areas that the Ice- 
rafted sedimentary load Is 
volumetrleal ly Insignificant. A 
debate still exists as to whether 
or not In arctic regions (for 

I.P, Martini and J.K.P. Kwong

ICE JAMS AND SEDIMENTARY 
FEATURES OF THE LOWER REACHES OF 
THE SUBARCTIC ALBANY RIVER, JAMES 
BAY

I.P, Martini and J, Kwong
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example, In the Co IvlI Ie delta 
area In northern Alaska) the ulti
mate destination of the rafted 
sediment and the suspended river 
load during break-up Is deposited 
primarily In the nearshore areas 
or Is transported In some signifi
cant quantity offshore, either by 
Ice-rafting or by a sub-Ice water 
pIumo.

It Is the contention of the 
present study that the conditions 
existing In subarctic areas do not 
differ In terms of processes from 
arctic and cold temperate areas, 
but that Ice related processes of 
sedimentation are more effective, 
thus the ensuing distribution and 
accumulations of sediments reflect 
more clearly such processes. It Is 
more a question of quantity rather 
than quality of events and fea
tures.

The objectives of this study 
are therefore to:
1, Monitor the occurrence and mode 

of river Ice break-up and Ice 
Jammi ng;

2, Establish the type and amount 
of sediment ava 11 able in the 
Ice cover and Ice Jams;

3, Establish the distribution of 
Ice floes after break-up and 
Jam breaks;

4, Establish the most Important 
form of release of sediment 

from grounded Ice floes and the 
processes of sorting and shape 
changes, If any, which may 
occur during such deposition;

5, Establish the most character Is- 
t Ic sedImentary features of 
deposited Ice-rafted sediments, 
as seen on both the recent 
surface and preserved within 
the sedimentary sequence.

The I ewer reaches of the 
Albany River, Northern Ontario, 
were selected for the study for 
several reasons:
1, It Is a northward flowing, 

typical subarctic river which 
experiences yearly Ice cover 
and Ice Jams;

2, Ice jams recur every year In 
the same anastomosing reaches 
near the village of Fort 
Albany;

3, The record of the date of 
break-up of the river has been 
kept by the missionary for 
aImost 100 years;

4, Because of the recurrent Ice 
Jams and severe floods which 
may endanger the village, a 
helicopter Is based In the 
village and available during 
break-up times, thus the study 
was logistically feasible;

5. The Albany River Is located on 
Isostatlcally rebounding land 
(after the last glaciation), 

down cutting through ra Ised 
coastal and marine deposits, 
and underlying pollmlctlc tills 
and carbonate bedrock. The 
river obtains and transports a 
variety of materials which 
react differently to cold clim
ate weathering and transport;

6, tn Its lower part, the Albany 
River Is characterized by two 
dominant reaches, both featur
ing a variety of anastomosing 
channels. Although Ice Jamming 
occurs every year In the chan
nel selected for the study at 
Fort Albany, the Importance of 
Ice Jamming varies In different 
years In different reaches of 
the Albany River, The variable 
regimes provide for a wider 
distribution of Ice-rafted 
mater lais, and alternance In 
the sedimentary columns of 
particular localities between 
Ice-rafted and water- laid 
deposits.

The Ice jam events have been 
monitored over the last three 
springs and the Ice generated 
features studied In the sunmer at 
low flood stages. Things studied 
I ncluded types of Ice, types, 
quantity and distribution of 
Ice-rafted sediment, and the rate 
of river bank erosion.

DEVELOPMENT OF A RATING SYSTEM 
FOR SOIL COMPACTION 
SUSCEPTIBILITY

R.A. McBride

The first year of this study 
was devoted to the preliminary 
laboratory testing of a recently 
developed soil compaction model
ling framework for Ontario soils, 
A portable so 11 coring device 
capable of taking undisturbed soil 
cores 15,0 cm diameter x 5,0 cm 
high was designed, constructed and 
tested on a number of sol I pro
files In We I 11ngton County and the 
R.M. of Haldlmand- Norfolk, Once 
design modifications were com
plete, the device was used to take 
unreplIcated soli cores for static 
compression testing of each of the 
major soli horizons at modal soil 
series sampling locations Identi
fied by the Ontario Institute of 
Pedology as part of the ongoing 
sol I characterization program In 
the R,M, of Niagara. Such 
samplIng was confined to the 
0,1.P, "Special Pedon" soil 
characterization locations whereby 
routine analyses Include moisture 
retention, dry bulk density, part
icle size distribution, organic

Figure 1. Plot of dry bulk density vs. stress (static loaded and 
rebound) for Ah horizon of sampl Ing site NG03 (series 112^-Fox).
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matter content, particle density, 
Atterberg consistency IImlts, 
Standard Proctor Density, and 
penetrometer resistance, A total 
of 40 soil horizons from 14 
dissimilar soil series In the R,M, 
of Niagara were sampl ed In this 
fashion with an additional 13 soil 
horizons from 4 soli series 
sampled In Wellington County and 
the R,M, of Ha I dlmand-Norfo Ik. In 
addition, trip! Icate undisturbed 
soil cores (5,0 cm diameter x 3,0 
cm high) and bulk samp les were 
taken from the same horizons for 
moisture retention and Standard 
Proctor Density testing, 
respective ly,

The large compression soil 
cores were subjected to a range of 
nonma I ef feet Ive stresses (l.e, 
0,2 kg/cnP, 0.5, 1. 0 - 1 0. 0 J n 1.0 
kg/cnr Increments) while at field 
moisture content In the Rowe uni
axial compression cell and the 
changes 1 n tota I porosf ty (dry 
bulk density) were determined. 
Furthermore, for each successive 
Increment In applied stress, the 
I oad was removed and the rebound 
dry density was determined. These 
analyses have been compl eted for 
all horizons sampled In 1985 and 
Figure 1 provides the results for 
the Ah horizon (0-10 cm) of 
Niagara sampling location NG03 
(l.e, Fox Series 1133, fine sandy 
loam, 6,7$ organic matter, non- 
plastlc). This plot Is typical of 
most showing the divergence of the 
static loaded and rebound (load 
removed) denslty-stress curves. 
The absolute magnitude of this 
difference In curve trajectories 
Is a measure of soli elasticity, 
to which primary soil structure 
and organIc matter content are 
thought to contribute. It is this 
rebound or post-loading dry densi
ty which will ultimately be the 
measure of Interest In applying 
the results from static load test
ing to field conditions In a later 
phase of the project.

Considerable effort Is being 
placed on the Investigation of 
four assunpt Ions upon which the 
compaction modeling framework Is 
based. Significant progress has 
been made in all four areas to 
date. First, the configuration of 
the density-moisture function for 
the Proctor test compactlve effort 
Is being compared to the general
ized test curves published by the 
Ontario Ministry of Transportation 
and Communications Soils and 
Aggregates Lab for all soil 
horizons Investigated. Prelimin
ary results for the general group
ings of cohesive and non-coheslve 
soils suggest that the correspond-

Flgure 2. Plot of dry bulk density vs. log stress (static load and 
rebound) for the Ah horizon of samp I I ng site NG03 (series 1 123-Fox) •

ence Is sufficiently good for 
modeling purposes but that the 
fam Jly of curves must be expanded 
to Include other than subgrade 
soil materials. High organic 
matter content surface soils fit 
the general configurational trend 
but the maximum dry density falls 
below, and the optimum moisture 
content exceeds, the limits 
routinely encountered In the 
O.M.T.C. labs.

The second model assumption 
deals with the definition of 
"equ Iva I ent apparent stresses" 
between the Rowe static loading 
test and the Standard Proctor 
1 mpact I oad I ng test. Fl gu r e 2 
shows the same Information as 
Figure 1 for the Ah horizon at 
sampling location NG03 (Fox 
Series) but Is plotted against the 
logarithm of the applied static 
load. Beyond a normal stress of 
3.0 kg/cnr, both the static loaded 
and rebound curves were found to 
take on a typical linear path In 
logarithmic co-ordinates. Linear 
regression of th0se data from 3,0 
to 10.0 kg/errr for the static 
I oaded pl ot ylel ds the fo11 owl ng 
equation:
static pb = 1,09886 + 0,39328,

(I og1Q load)

R2 « 99,99$ Eq. 1

s.e.e, = 0.00064 g/cm$

The static loading test was 
performed on a core with a gravi
metric moisture content of 13,3$ 
which corresponds to a Proctor 
Density of 1.45 g/cirP. Insertion 
of this dry density In equation 1 

suggests that the static pressure 
necessary to attain a comparable 
Proctor density under equivalent 
moisture conditions Is about 7,81 
kg/eff?. Th I s falls between the 
lower and upper extreme values of 
6 and 19 kg/cmr reported In the 
IIterature as the compactlve 
effort associated with the Proctor 
test. Further work Is to be done 
to better define this equivalent 
stress, partlcu I ar ly for non
cohesive soils subject to the 
process of "vibrocompaction".

To test the third model 
assumption regarding the appt 1c- 
ablllty of an empirical water 
retention model (see So 11 Sc I, 
Soc. Am. J, 48: 1338-1343) to
assess pre- and post-compaction 
soli water regimes, repl Icated 
moisture desorptions are being 
undertaken by horizon on small, 
undisturbed soil cores taken In 
situ and as subsamples from the 
Iarger compression cores after 
compression to 10 kg/cm2. Com
parison of modelled and estimated 
moisture characteristics wlI I 
constitute the test of this 
assumption's validity.

Finally, regression-based 
predictive equations are being 
formu I ated for the Maximum Dry 
Density and Optimum Moisture Con
tent from the engineering data 
amassed dur Ing the 0.1.P, sol I 
Inventories of the R.M,' of Ha I dl
mand-Norfo Ik and N1 agar a. Pre
vious attempts by other Investi
gators neglected non-coheslve 
soils and topsoils with 
appreciable organic matter content 
which will be Included In the 
present model Ing effort.
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Further development and test
ing of the flux-gradient and eddy 
correlation methods were continued 
during August and September of 
1985 over an alfalfa crop at 
El ora. Both methods enable con
tinuous measurements of the fluxes 
of heat, water vapour and carbon 
dioxide between the crop surface 
and the afmosphere without chang
ing the microclimate of the crop. 
An upgraded data acquisition sys
tem and a second field unit were 
incorporated Into the flux- gra- 
d lent method to enable simulta- 
neous measurements at two sites. 
Gradients were measured with In
takes at 0.5 and 1.5 m above the 
canopy In the flux-gradient work. 
The eddy correlation method em
ployed an open path Infrared sen
sor located at a height of 8 m 
above the canopy.

The energy balance measured 
for August 22 using the fl ux- 
gradlent method (Fig, 1), shows 
significant sensible heat advec
tion from the surrounding surface. 
During the period between 1600 and 
sunset the I atent heat flux (IE) 
exceeded the ava liable radiant 
energy (Rn) , The large latent 
heat flux helped maintain the 
cooler crop surface and negative 
sensible heat flux (H). In com- 
par I son, measurements made over 
corn the previous summer Indicated 
Iatent and sensible heat fIuxes 
were more equivalent during the 
day. This result Indicates a 
I ewer canopy resistance to water 
loss In alfalfa than In corn.

The flux density of carbon 
dioxide on August 22 (Fig. 2) 
reached a midday maximum of 6/grrrh 
similar to values reported In the 
literature. The difference 
between the two methods for both 
carbon dioxide and latent heat 
fluxes were 20-30^, Further ana
lysis Is underway to determine the 
reasons for the underestimation by 
the eddy correlation method. 
Simi lar discrepancies for the 
latent heat flux are reported 
between the two methods (Dyer et 
al., 1982).

The sensible heat fl uxes 
d eterm i ned us I ng the two methods 
agreed more closely and the ratios 
of the sensible heat to the latent 
heat flux (Bowen ratio) given by 
the two methods were related (Fig, 
3), Despite the offset problem, 
the bowen ratios calculated by the 
two methods are linearly 
correlated, 
Li terature Ci ted:
Dyer, A.J, et al, 1982. An 

International Turbulence 
Comparison Experiment (ITCE 
1967), Boundary-Layer 
Meteorology 24: 181-209,

HEAT AND MASS FLUX FROM AN 
ALFALFA CROP

S. McGinn, M. Helkinheimo, K, 
KI ng, G. Th urtelI

Figure 1. Fl ux-qrad lent energy balance.

Figure 2, Chrbon dioxide flux ccrrparlson.

Figure 3. Bowen ratio (H/LE) comparison.
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COMPARISON OF C-13 CP MAS MR 
AND CHEMICAL TECHNIQUES FOR 
MEASURING THE DEGREE OF DECOMPOSI
TION IN VIRGIN AND CULTIVATED 
ORGANIC SOILS

C.M. Preston^, S.E. Shi pl talc? , 
and C.A. Fyfe?

The cultivation of organic 
soils leads to Increased hunifica
tion and subsidence. A variety of 
experimental techniques have been 
used to character Ize these 
phenomena. The chemical Informa
tion available Is often time con- 
sunlng to obtain and/or lacking In 
specificity; It Is also difficult 
to distinguish between the physic
al effects - compaction, dehydra
tion, particle size breakdown, and 
erosion - and those caused by 
biochemical transformations. 
Fortunately solid state C-13 NMR 
provl des a nonr destruct Ive tech- 
nIque for wh Ich samples are easlly 
prepared and which has the potent
ial to Increase our understanding 
of the chemi stry of soil organ Ic 
matter.

In this study, solid state 
C-13 CP MAS MR (cross polariza
tion, magic angle sample spinning, 
nuclear magnetic resonance) was 
used to examine organic soils from 
virgin, 5-year, and 1 5-vear cul tl- 
vated sites near Ormstcwn, Quebec. 
Samples were collected every 5 cm 
(depth) from the surface, air 
dried, and I Ightly crushed. MR 
analysis was carried out on 
approximately 0.3 g which was 
packed into a sample holder; each 
spectrum took approximately 3.5 h 
to obtain. Individual spectra 
were divided Into designated 
regions (Fig. 1) and the areas of 

each region measured and 
calculated as a percentage of the 
total area.

The results Indicate that the 
most dramatic chemical effects 
associated with cultivation of 
organic soils were confined to the 
p I cw I ayer, as has been shown by 
previous work. Changes associated 
with cultivation Include a 
decrease In the Intensity of the 
carbohydrate peak (largely attri
butable to cellulose) and an In
crease in the unsubstituted ali
phatic and methoxyl Intensities of 
the spectra from the cultivated 
sites. Less pronounced changes 
Include an Increase In the Intens
ity of the carboxyl Ic acid region, 
which may also include amide and 
ester carbons, and a decrease In 
the aromatic region. These 
changes due to cultivation were 

similar to those found with depth 
to 70 cm due to natural decomposi
tion of the peat with age. Below 
70 cm the differences in the MR 
spectra were sma II and I neons I s- 
tent, indicating that limited 
biological transfomatIons had 
occurred below this depth.

Th e chemical informat Ion 
obtained from the spectra was 
compared to previously reported

Figure 1.
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chemical and physical analyses 
(Table 1). All three profiles 
were lew In aromatic and carboxyl 
const I tuents, which Is In agree
ment with other C—1 3 NMR studies 
of organic soils, although 
aromaticity, and, spec I f I cal ly, 
peaks attributed to phenolic car
bons, Increased with depth. Pyro
phosphate Index, which Is supposed 
to be an Indicator of aromaticity 
and degree of him I f icatlon, did 
not have a slgnlflcant rel at lon- 
shlp with aromatic, phenol Ic, or 
any other measured components. 
Th I s may I nd I cate why the pyro
phosphate I ndex has proved to be 
I neons I stent I n correlating wl th 
other measures of him I f Icat Ion. 
Aromaticity did correlate highly 
wI th percent ash and carbon, pH, 
and the C/N ratio. Ash content 
was also highly correlated with 
the percent of phenol Ic, but not 
carboxyl Ic acid constituents. As 
expected, the percent car bo- 
hydrate, as Indicated by the hMR 
spectra, was highly correlated 
with rubbed fiber content and 
highly negatively correlated with 
the percentage of unsubstituted 
aliphatic carbon. These relation
ships support the choice of rubbed 
fiber as a simple routine tech
nique for the assessment of degree 
of decomposition.

This study Indicates that 
solid state C-1 3 CP MAS MIR of 
whole organic soils can be used to 
reveal chemical changes with depth 
and between variously treated 
prof 11 es. The main ef fects of

Table 1. Significant correlations between various MIR parameters and other soil 
properties; * >95!?, ** >99!?, *** >99.9# significance.

Sol 1 
Property

Carbonyl Carboxyl Phenol ic Aromat Ic Carbohydrate l^fethoxyl

Depth - -0,322* 0.802*** 0.658*** -0.628*** 0.651***

$ Ash - - -0.401** -0.4 71*** 0.363 —

pH In CaCI2 - - -0.301* -0.438*** - -

Pyrophosphate Index - - - — - -

% Rubbed fiber -0.310* - — - 0.565*** -

% Un rubbed fiber -0.374* - — - 0.380**  -•0.301*

$ c - - 0.619*** 0.580*** -0,697*** -

C/N ratio — 0.318* 0.534*** 0.50 0*** -0.430*** 0,275*

cultivatlon appear to be a 
d ecrease In the carbohyd rate 
I ntens I ty and an I ncrease in the 
aliphatic and methoxyl Intensities 
of the NMR spectra. The hWR study 
Is consistent with the suggestion 
that biological oxidation due to 
cultivation Is largely confined to 
the plow layer, while losses In 
the subsurface layers are mainly 
due to physical changes, especial
ly drying and compaction. Final
ly, thl s study demonstrates the 
large amount of chemical Informa
tion available from NMR analysis, 
the small labour requirements for 
samp I e preparation, and the non

perturbing, non-destructIve nature 
of the technique. This and other 
recent studies demonstrate the 
enormous potential of Incorporat- 
Ing C-1 3 NMR analysis Into systems 
of peat classification and manage
ment for agrlcul tural and other 
uses.

Chemi stry and Bl ol ogy Research 
Institute, Agric, Canada, 
Ottawa

2 Dept, of Land Resource Science, 
Un Iv. of Guelph

3 Dept, of Chemistry, Univ, of 
Gue Iph

DIFFERENCES IN WATER SOLUBLE ION 
CONTENT OF CUTANS AND BULK SOIL 
DUE TO CULTURAL PRACTICES

R. Protz, K. Bolton, J, Fischer

Te n so 11 prof 11 es, two from 
each of f Ive treatments on the 
Woodslee Sub-Station Iong term 
plots were sampled as part of a 
co-operative project. Within this 
project Or, Jim Stone of the 
Harrow Research Station Is charac
terizing corn root distribution as 
influenced by treatment. Dr, Alex 
MeKeague of LRRI Is characterIzI ng 
the water release properties and 
porosIty as 1 nfIuenced by treat
ment, The 0,l,P, sampled six soil 
monoliths to compare soils after 
30 years of rotation corn with 
fertilizer and continuous corn 
with no fertilizer treatment 
Influence to the never cultivated 
soli profile. Complete 
characterization of the sol Is I s 
been completed In the O.I.P, and 
L.R.S. laboratories.

Cutans were sampled from one 
soli profile per treatment. 
Cutanlc material was sampled from 
ped surfaces of four horizons per 
profile below the Ap horizon. 
Water soluble Ions were determined 
I n the cutanlc mater lai and the 
bulk soil from each of the 
horizons. Phosphorus and nitrogen 
contents were significantly great
er In the cutanlc material than 
the bulk sol I In a I I fIve prof 11es 
for all horizons. The cutanlc 
material from the continuous corn 
fertilized had higher N and P 
content than the cutanlc material 
from the continuous corn not 
fertilized profile. The cutanlc 
material from rotation corn 
fertilized was also higher In N 
and P than the rotation corn not 
fertilized. The highest N 

contents were found In the cutans 
of the continuous corn fertilized 
treatment at the 90-105 cm depth.

These data Indicate that the 
loss of fertilizer from the Ap 
horizon does occur and probably 
mostly through large voids with 
thickest cutanlc material.

The variations In water 
soluble Ca, Mg and Na were not as 
definitively related to treatment. 
These soils have zones of aggrada
tion and depl etlon cutans. The 
variations In water soluble 
c at1ons are probab ly related to 
these pedologic processes, thus 
f urther work on the sampl es I s 
being undertaken to fully explain 
these variations.
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SPATIAL DEPENDENCE OF SOIL PROP
ERTIES

Bulk density samples were collect
ed from two depths In each 
profile. Laboratory data is being 
collected and the statistical 
analyses of existing data on the 
samples Is now In progress. At 
the two 0.1 meter transects, 
saturated hydraul Ic conductivity 
measurements were made on the 
major soli horizons by the soli 
physics group.

Th Is samp Ie set will serve to 
answer several questions as well 
as predicting of spatial extrapo
lation from the point of measure
ment of any soli property. Con
cepts of "the representative 
elementary volume" and "the pedon" 
will be tested. The utility of 
spatial dependence stud les for 
soil genesis will also be 
evaluated.

HIMIC ANO FULVIC ACID CONTENT OF 
REGOSOLIC, BRUNISOLIC AND PODZOLIC 
SOILS IN TIE HUDSON AND JAMES BAY 
LOWLANDS

analyzed had extractable C >50$ of 
organic C, Ch/Cf ratio <0.4 and a 
Ca/Cf ratio >0.3. Thus most of 
them met the criteria limits of 
organic C fractions suggested for 
the podzolic B horizon. The only 
exception was 8 of the 40 Bh, Bhf 
and Bf subhorizons had an extract
able C <50$. The results Indicate 
that differences In climate and 
vegetation are not associated with 
differences In the content of 

hunlc and fulvic acid fractions of 
the B horizons. Preswnably the 
different kinds of plant debris 
are transformed by microbes Into 
similar organic mater lais as 
measured In this study.

1 LRRI, Ag. Canada Ottawa
2 Dept of Land Resource Science, 

Un Iv. of Guelph
3 LRRI, Ag. Canada, Ottawa

MODEL FOR AGGREGATE FORMATION 
AND STABILIZATION IN WORM CASTS

organic debris Is subject to fur
ther fragmentation by strong 
muscular contractions In the giz
zard which grind the food with the 
aid of Incorporated mineral 
particles. Lignified components 
resist fragmentation and remain as 
relatively large, Intact pieces 
whereas less lignified and softer 
tissue is highly fragmented and 
becomes part of the soil plasma. 
The combined actions of fragmenta
tion, digestive enzymes and secre
tions produced by the worm and 
microbial activity results In the 
complete decomposition of some 
organic material as well as the 
release and formation of binding 
substances.

Conti nuaI agI tatIon breaks 
many of the weaker Interparticle 
bonds attributable to water and 
cation bridges but also brings 
domains of clay minerals In close 
association with newly formed or 

released binding sinstances. In 
the Intestine flocculation or 
coagulation causes aggregations of 
organic matter-enriched plasma to 
occur. Plasma also adheres to the 
surfaces of organic skeleton 
grains where concentrations of 
binding substances maybe present 
as layers of mucilage. Thus, re
sistant organic fragments become 
the foci of aggregate formation. 
However, at this point bonding 
between materials Is relatively 
weak due to the high water content 
and lew moisture potential of the 
system. Pellets are excreted In 
this state.

In excreted pel lets bonds 
between organic and mineral com
ponents are strengthened when the 
materials are brought Into close 
association. This Is encouraged 
by drying which can cause shrink
age of organic material. Aging 
also brings about closer associa
tion of mineral and organic 

R. Protz and J. Fl scher

A comprehensive spatial 
dependence study was started on 
the Delhi Research Station and a 
neighbouring wood lot* Two sets of 
three transects of 100 profiles 
with 10, 1 and 0.1 meter Intervals 
were sampled, one In the wood lot 
and the second In a cultivated 
field. Horizon thicknesses were 
measured for each so 11 prof 11 e, 
and bulk samples were collected 
from each horizon of each profile.

P. Sc hupp I |1, R. Protz^ f A. 
McKeague$

The hirnlc and fulvlc acids 
content of 220 horizons from 33 
soil prof Iles on five transects 
were determined. All these soli 
profiles were derived from gravel
ly calcareous beach r idges In 
contrast to acidic parent 
materials of podzolic soils In the 
precambrian shield area of 
On tar Io. Desp1te the d I fferent 
parent material most of the pod
zolic B subhorizons (Bh, Bhf, Bf)

M. ShI pi taio and R. Protz

Th 1 n sections of earthworm 
casts produced by worms provided 
with one of the following diets - 
alfalfa leaves, corn leaves, or no 
food- were examined using light 
and electron mlcroscopy. Ep I- 
fluorescent Illumination and 
histochemical stains for poly
saccharides were used as aids In 
discerning the relationships be
tween organic debris, In general, 
and po lysacchar Ides, 1 n particu- 
I ar, with the mineral component. 
This information was combined with 
data from chemical and physical 
analyses to produce a model for 
aggregate formation and stabiliza
tion by earthworms.

In the f Irst step of the 
model litter Is Ingested by worms 
and mixed with Ingested soli 
material (Figure 1). Grazing 
activity results in Initial frag
mentation of II tter. The so 11- 
debrls mixture Is liquified and
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materials In moist casts and pro
motes bond formation due to re
arrangement of water films. Close 
association of clay domains with 
organic materials may slow decom
position and thus add to bond 
longevity. In addition, continued 
decomposition of large organic 
fragments may result In continued 
replenishment of binding sub
stances to the surrounding plasma.

Enhancement In aggregate 
stability from this point, due to 
Incorporation of alfalfa or corn 
leaf debris, was predominantly the 
result of C-P-OM I inkages (Where C 
= a negatively charged clay sur
face, P = a polyvalent cation, and 
OM = a negatively charged organic 
polymer). The organic polymers 
probably conslsted of a complex 
mixture of plant and microbial 
polysaccharides as well as other 
organic polymers. Examination of 
stained thin sections Indicated 
that polysaccharIdes were pos I- 
t Iona I ly ava Hable to contr Ibute 
to bond formation. Cal cion, and 
to a lesser extent magnesian, 
appear to have been the polyvalent 
cations most Involved In the 
C-P-OM I Inkages. In casts that 
were kept moist Improvements In 
aggregate stablIIty were only 
slight when compared to those 
Imparted by dry I ng. Th I s is 
consistent with a C-P-OM mechanism 
since relatively IIttle adsorption 
of anionic polymers occurs unless 
dehydration al lows short range 
forces to become operative.

Bonding occurred Immediately 
In unaged dried casts, which Indi
cated that post-depos11Iona I 
microbial activity was not necess
ary to produce binding substances 
from the organic materials Invest
igated. However, post- deposi
tional microbial activity may be 
necessary to produce binding sub
stances from di fferent types of 
organic debris. In addition, 
microbial activity will eventually 
alter or destroy the bonds attri
butable to Ingested alfalfa or 
corn leaves. It Is not known how 
differences In bond type might 
affect bond longevity.

In excreted pel lets bonds 
between organic and mineral com
ponents are strengthened when the 
materials are brought Into close 
association. This is encouraged 
by drying which can cause shrink
age of organic material. Aging 
also brings about closer associa
tion of mineral and organic 
materials In moist casts and pro
motes bond formation due to re
arrangement of water films. Close 
association of clay domains with

Figure 1. Diagramatlc representation of aggregate formation in worm 
casts.

organic materials may slow decom
position thus add to bond longevi
ty. In addition, continued decom
position of large organic frag
ments may resul t In continued 
replenishment of binding sub
stances to the surrounding plasma.

Enhancement In aggregate 
stability from this point, due to 
Incorporation of alfalfa or corn 
leaf debris, was predominantly the 
result of C-P-OM I Inkages (Where C 
= a negatively charged clay sur
face, P = a polyvalent cation, and 
OM = a negatively charged organic 
polymer) • The organ Ic po lymers 
probably consisted of a complex 
mixture of pl ant and microbial 
polysaccharides as well as other 
organic polymers. Examination of 
stained thin sections Indicated 
that polysaccharides were posi
tionally available to contribute 
to bond formation. Calclon, and 
to a lesser extent magnesian, 
appear to have been the polyvalent 
cations most Involved In the 
C-P-OM I inkages. In casts that 
were kept moist Improvements In 
aggregate stability were only 
slight when compared to those 
Imparted by drying. This Is 
consistent with a C-P-OM mechanisn 
since relatively I 1ttle adsorption 
of anionic polymers occurs unless 
dehydration allows short range 
forces to become operative.

Bonding occurred Immediately 
In unaged dried casts, which Indi
cated that post-deposltlonal 

microbial activity was not necess
ary to produce binding substances 
from the organic materials Invest
igated. However, post- deposi
tional microbial activity may be 
necessary to produce binding sib- 
stances from different types of 
organic debris. In addition, 
microbial activity will eventually 
alter or destroy the bonds attri
butable to Ingested alfalfa or 
corn leaves. It Is not known how 
differences In bond type might 
affect bond longevity.

The model has significance to 
agriculture In that freshly 
excreted casts are structurally 
unstable and may contribute to 
soil erosion and crust formation 
because they are subject to dis
persion by raindrop Impact, How
ever, aged or dried casts are more 
stable than uningested soil, Indi
cating that earthworm activity can 
Improve soli structure In the long 
term. Thus surface casting In row 
crops grown In monocul ture wl th 
I Ittle residue left on the surface 
may contribute to soil erosion and 
crusting; whereas, surface casting 
In crops where the soli surface Is 
protected by residue or the crop 
canopy may result In Improved soli 
structure. Casts deposited below 
ground should be beneficial to 
soil structure In all circum
stances.
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TANZANIA-CANADA AGROGEOLOGY
PROJECT

P. van Straaten, P. Voroney, P. 
Smith, W» Chesworth

Funded by IDRC, the Intend Is- 
clpllnary agrogeology project 
began In 1985. The first phase 
wl I I last 3 years. The overal I 
objective Is to advance agricul
tural production In Tanzania by 
Increasing the fertlIity of cer
tain tropical soils by means of 
geological and organic additives. 
There are three aspects to the 
project. The first alms to locate 
geological resources available 
I oca I ly for using as soil addi
tives. Next, pot and field exper
iments will be carried out to test 
their agricultural potential. 
Finally, an extension effort will 
be mounted to shew local farmers 
the effects of each successful 
mater lai.

Field Work In 1985

(a) GEOLOGY

Geologists from the Geolo
gical Survey of Tanzania, from 
Tanzania’s State Mining Corpora
tion (STAMICO) and the Department 
of Land Resource Science, Guelph, 
concentrated on finding and asses
sing fertilizer raw materials In 
the Mbeya area, S.W.-Tanzan la. 
During the 4 months field opera
tion slx phosphate occurrences, 
both Igneous and sedimentary, were 
evaluated. Several zones of phos
phate concentrations were delinea
ted In Igneous (carbonatitic) 
rocks and overlying residual 
soils. Some of the weathered 
carbonatites yielded as much as 
13% P2O5.

During the survey a new car
bonatite, theMballzI carbonatite, 
was discovered. Large phosphate 
bearing zones analysed 13? P^Oc 
with geophysical prospecting tech
niques. New sedimentary (lacus
trine) deposits were also found, 
with up to 2 0-28% P205 though with 
lew mlnerable reserves. Further
more, sizeable resources of I Im I ng 
and volcanic material were 
assessed, and a new zeolite depos
it d I scovered.

(b) DETAILED GEOLOGICAL WORK

Peter van Straaten undertook 
detailed geological work on selec
ted phosphate mineralizations In 
Tanzania. This covers some as
pects of the geology of carbona
tites in S.W.-Tanzanla and In
cludes detailed work on a lacus
trine phosphate deposit In N. 

Tanzania. The results of his 
carbonatite study have been pre
pared for presentation to the 
Geological and Mineraloglcal Asso
ciations of Canada. Briefly, 
three major periods of car- 
bonatites/aIkai Ine Intrusions are 
recognized In Tanzania; late Pro
terozoic (730-680 Ma), Cretaceous 
(c.100 Ma), and Cenozoic (2 5-0 
Ma). Al I Cenozoic carbonatites 
are associated with the Eastern 
RI ft; those of Cretaceous and 
Proterozo Ic age wl th the Western 
Ri ft Zone. Apart from the 1040 Ma 
Ngual la carbonatite al I carbona
tites occur I n zones a f fected by 
Pan-African thermo-tectonIc 
events.

Eight major carbonatite/ 
alkaline complexes of Proterozoic 
and Cretaceous age are concentrat
ed In an area of long-lived rift 
related I Ineaments. They occur 
close to the intersection of the 
2000 Ma Ubendlan and 1350 Ma Irum- 
ide belts, parallel to pre-, and 
post-Karroo I Ineaments, and close 
the Intersecting Pliocene-Recent 
rifts. Long phases of intermit
tent uplift and continental sedi
mentation proceeded the emplace
ment of both the Proterozoic and 
Cretaceous alkaline complexes.

Neodymium and strontlun iso
tope data from the Panda and Sen- 
gerl HI I I carbonatites (Carleton 
University, unpublished data) are 
consistent with mixing Sr and Nd 
from two mantle sources.

Mineral exploration for phos
phates In five carbonatite bodies 
In southwestern and western Tanza
nia resulted in the delineation of 
several apatlte-enrIched zones and 
the discovery of sixth carbonatite 
at Mballzl, that occurs in a con
tinuation along strike from the 
Songve Scarp carbonatite.

The sedimentary occurrence 
chosen for detailed work Is the 
Pleistocene phosphate deposit of 
Mlnjlngu In N. Tanzania. It 
appears to be of lacustrine 
or Ig I n.

Two major phosphate zones 
make up the Mlnjlngu deposit - the 
hard massive phosphorites and the 
soft friable phosphorites. The 
former Is banked around the hill, 
it consists of silicified 
phosphorite, locally conglomeratic 
with boulders and sands from the 

hill.

It grades very rapidly Into 
the soft friable clastic 
phosphorites. Several beds of 
which up to 2 meters thick and are 
interbedded with Ii IItic/mont- 
moriIlonltlc claystones and a few 
chert horizons. The beds are 
coarsely I ami nated, and In pl aces 
bioturbation is observed.

The soft beds which are cur
rently being mined, analyse on 
average 25-28? P^O^. Th®'/ are
made up mainly z of bloclastlc 
material with detrital quartz and 
rock fragments. The clastic phos
phate components are mainly scales 
and bones of fish, and bones of 
the cormorant Pha Iacrocorax 
Africanus. The phosphorite Is a 
b iophosphorenlte.

Initial stud les conclude that 
large nesting colonies of 
cormorants Inhabited the Isolated 
Mlnjlngu Island In an extensive 
Rift Valley lake. The population 
density of this 60 000 square 
metre Island must have been high, 
and the biological activity of the 
lake was very high to support such 
a large cormorant community.

The pa I eogeograph I c 
characteristics of Mlnjlngu formed 
the basis for the concept of insu
lar guano derived and bone 
deposits In Iacustr Ine Ri ft Vai ley 
sediments. Recent discoveries of 
phosphate accumul atlons in RI ft 
Valley lake deposits of S.W.- 
Tanzan la confirm the usefulness of 
thl s model.

Collaboration with paleon
tologists from the Royal Ontario 
Museitn and the University of Dar 
es Salaam has been started In 
order to learn as much as possible 
about the fossils discovered.

(c) SOILS

The report "Land Resources of 
the Mbeya Region" by C.W. 
RombuI ow-Pearse and J.A.M. Kamasho 
(Research Rept. 356, Uyole Ag. 
Centre) provl des the necessary 
background for our chief target 
area, Mbeya.

1, Main Sol I Types

The prInc I pa I agrlcultural
soils are of two main types:
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(a) andosols - developed on 
volcanic parent materials 
and general ly with a 
relatively high cation 
exchange capacity, and

(b) ferralsols - developed on 
plutonic and metamorphic 
rocks and with a lew 
cation exchange 
capacity.

The andosols are general ly 
deep with a brewn Ish, ye I Icwlsh or 
reddish appearance. A I oany tex
ture Is common and the soil densi
ty Is lew. Pumice fragments and 
bands are often seen*  Vegetation 
Is cropland or Pterldiitn fern, 
Hy parrhen I a Meilnla with woodland 
rennants: Par Inari trees, Brachy- 
stegla Julbernadla. Crops include 
maize, beans and finger millet In 
traditional rotation, potatoes and 
some coffee. In many areas, wheat 
has falled.

The ferralsols are often 
moderately sha I I ow to shal I ow, 
reddish soils with rock fragments 
with from moderate to low fertili
ty. Dominant clay phases are 
kandites and oxides and hydroxides 
of Fe and Al, Typical vegetation 
Is Brachystegla Julbernadla wood
land. Use ranges from grazing, or 
shifting finger millet production, 
to tea and coffee plantations In 
the best areas.

The inherent fertility of the 
andosols is high principally be
cause of the presence of a I Iophane 
in the clay fraction but also 
because of the presence of rela
tively fresh primary phases of 
which glass Is an Important con
stituent. The ferralsols by con
trast are highly leached, low In 
weatherable primary phases, and 
the clay fraction Is dominated by 
m I nerals such as kaol in I te with 
low cation exchange capacities,

2, Environmental Conditions

As a means of classifying the 
soil environment chemically we 
have chosen to use pe and pH as 
controlling variables following 
earl ler work on temperate zone 
soils.

a) Acidity

pH I s the easiest to treat 
and to measure. The pH of a soil 
Is set by the reaction of organic 
and Inorganic acids tn the system 
with mineralogical bases, In the 
present case silicate In nature. 
The principal organic acids have a 
first pKa (the only one of any 
importance In setting pH in most

Figure 1. pc-pH diagran for an a lumlnoclIIcate system In the presence 
of organIc acId.

soils) In the neighbourhood of 3 
to 4.5. Die only inorganic acid 
of note In these systems Is car
bonic. The effective bases In the 
system are all in the clay frac
tion, the primary phases (with the 
possible exception of g lass) not 
being able to achieve an equlll- 
br 1 in pH w i th so 11 wa ter. An 
appropriate pc-pH diagram Is shown 
as Figure 1 and yields pH limits 
of 6 to 7.5 for the andosols and 4 
to 6 for the ferralsols. Dils Is 
In agreement with pH measurements 
made at UyoIe on samp Ies col Iected 
by Joseph Kamasho.

b) Redox

pe I s a more difficult propo
sition. In soils a number of 
reactants are present that have 
the potential of Interacting with 
the aqueous phase and the soil 
atmosphere to affect redox condi
tions there. However the I Imlts 
In most soils are defined by or
ganic matter and the reduction of 
Fe (OH), to Fe^*  in solution. 
Limits so defined are shown on the 
pe-pH diagram of Figure 2, which 
also incorporates the pH ranges.

Figure 2 also shows the pre^- 
dominant fields of the two main 
soils being considered. Die ulti
mate objective of such a diagram 
Is to define the chemical environ
ment In a way that Is useful In 
predicting what mineralogical 
reactions are possible In the 
system and what the effect of 
chemical additives Is likely to 
be.

No check on the pe IImlts has 
yet been made.

(d) A FIELD TEST FOR PHOSPHATE

A major problem In 
prospecting for phosphate Is 
recognising It In rocks and soils 
by slmpl f leld appl Icable means. 
Together with Dr. R. Borsch and 
Mr. Jere of Zlmco Ltd., Lusaka, 
Zambia we set up a field 
Iaboratory (Flg. 3) and phosphate 
analyses were made using a 
colour Imetrlc technique that was 
chosen because of the need to 
analyze a large number of samples 
In a short time under rugged field 
conditions. The test is outlined 
bel ow •

The phosphate content of a 
crushed sample was determined 
after an extraction with 
concentrated NHCL and HCIO. • The 
vanodomolybdate Teagent was then 
added to the extract and a 
comparison of the yellow colour of 
the Indicator was made with 
respect to standard phosphate 
solutions.

Reagents.

perchloric acid, HCI0. 
concentrated (60^) 4
- nitric acid, NHCL, concen
trated d
- ammonlim vanadate, NH VCL, 
Analar } 3
_ ammon I urn mo ly bdate, (NH )fi 
M07CL. 4H-0, Analar 4 
- arpotasslun hydrogen phos
phate, K^HPC^, Analar
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Preparations of reagents,

1. dilute 50 ml cone, HNCL 
to 1 11 tre with H„0 : 0.8 
M NHO (- 51) *

2. v'a n ado I omo I y b d a te 
reagent:

dissolve 1.25 g of 
ammonlim vanadote In 400 
ml of d I luted 1:1 HNCL 
- dissolve 50,0 g of 
ammonium molybdate In 300 
ml of H-0 mix the two 
solutiorfs and dilute with

to 1 I I tre.

Preparation of standards, 

stock standard solution - 
1 000 p,g PQ0f-/ml : dissolve 2,454 
g of K9HPD. 0 In 500 ml FLO;
add 50ml 6f cone. UNO,, and 
d 1 lute to 1 I wl th ^Cr

working standard solution - 
1 00 p,g P-Oc/ml : d 1 lute 10ml of 
the stocx'solution to 100 ml with 
0.8 M HNOj,

Procedure.

1, weigh 0,1 g of sample 
Into a test tube, cali
brated at 10 ml

2, add 1 ml of acid mixture 
(1:1 NHCL - HCIO. ) and 
digest orra sand bath for 
1 hour

3. cool, dilute to 10 ml 
with water and mix well, 
then I eave to settle

4, transfer an aliquot of 1 
m I of the c I ear sampl e 
solution to a test tube 
calIbrated at 5 ml

5, make up to the 5 ml mark 
with the metal-free 
water

6, add 2 ml of reagent solu
tion, mix for 3- seconds

7. after 15 minutes, compare 
the ye 11 ow col our deve  
loped with that of a 
simultaneously prepared 
standard series

*

The technique was very suc
cessful, one of Its most Important 
aspects being that It provided 
instant feedback to the field 
parties, Indicating to them the 
most promising regions for further 
survey. Without this facllltly we 
would have been subject to con
siderable delays In obtaining 
analytical data.

(e) EXPERIMENTAL WORK

Greenhouse experiments using 
some of the above mentioned mater
ial were started at the Department 
of Land Resource Science and at 
the Sokolne University of Agricul
ture Morogoro Tanzania. The ex- 
per Iments conducted at Gue Iph 
Included dissolution tests of 
various rock materials from Tanza
nia and subsequent pot trials. A 
simple dissolution test was de
vised whereby the rocks and miner
als were reacted with distilled 
water and dilute acids respec
tively, at 25°C and atmospheric 
pressure. We ranked the ground 
geological materials In terms of 
their ability to provide pl ant 
nutrients. Up to 170 ppm P, 650 
ppm K and several hundred ppm Ca 
were re I eased from two seIected 
volcanic rocks within the first 
hours. Subsequent pot trials with 
corn at the LRS greenhouse result
ed In promising yields, even when 
compared with commercial fertiliz
ers. The best yields were ob
tained by using barn manure and 
zeolite, whereby the zeolite Is 
thought to selectively retain the

NH+ which otherwise would have 
been lost from the system.

At the Sokolne University of 
Agriculture lacustrine rock phos
phate was tested In pot tests. In 
acid soils with low extractable P 
content the ground sedimentary 
phosphate was as effective as 
TSP.

(f) OTHER ACTIVITIES

1. Peter van Straaten and Edwin 
Mchlhlyo, one of the Tanzanian 
members of our team, were Invited 
to the 8th Fl el d Workshop and 
seminar on phosphates organised by 
the International Geological Cor
relation Programme and funded by 
UNESCO, The venue was North Caro- 
I Ina and Florida (6-17 May, 1985) 
and the conference Included a 
short course In phosphate geology 
for geologists from developing 
countries, field trips to current 
mining operations In both states 
and a two day synposlim entitled 
’’Genesis of Neogene to Modern 
Phosphorites”. The conference was 
attended by 150 geoscientists from 
4 0 countr les. The we 11 knewn 
Florida deposits were studied In 

Figure 2. pe-pH dl agr am appl Icable to so 11 s of the Nbeya region •
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shallow mining operations and In 
drill cores. The easily mineable 
phosphate resources of Central 
Florida are large, though recently 
mining of low grade phosphates has 
begun. Mounting land-use and 
environmental pressures cause 
considerable uncertainty regardng 
the future of the land-based phos
phate industry In Florida. Econo
mic Interest Is focused on the 
development of the large North 
Carolina deposits on both land 
(Aurora district), and on the 
continental shelf. The future of 
the off-shore deposits were dis
cussed during a cruise on the 
National Sclence Foundation vessel 
R/V Cape Acteras. Dur Ing the 
excursions, new developments In 
phosphate exploration were demon
strated Including radiometric down 
the hole profiling and off-shore 
high precision seismic profiling.
2. A carbonatite with 62.5 mil
lion tonnes of mineable phosphate 
averaging 19.6$ P^O,- has been 
under investigational it N. Ontario 
(south of Kapuskaslng) by Sandvik 
& Erdosh (1977, 1985) with the 
active assistance of the Ontario 
Geological Survey. We have begun 
preliminary studies to design 
a project to facilitate the direct 
use of this phosphate resource in 
agriculture. Preliminary experi
ments shew promising results and 
It appears likely that we will be 
able to use a number of cation 
acceptors (e.g. zeol Ites, 2:1 
clays, peat) to promote the break
down of apatite. Furthermore 
Initial microbial cultures to 
accomplIsh the same objective have 
a I ready been deve I oped for us by 
Drs. Roselynn Stephenson and Janet 
Wood of the Depts, of Microbiology 
and Chemistry and Biochemistry 
respectively.

3. With Drs. Raoul Vlcenclo and 
Calvin Pride we are helping to 
organise a conference In Malawi 
for June 1986. The purpose will 
be to present the possibilities of 
AgrogeologI cal techniques to prom
inent government representatives 
of 12 east and central African 
nations and to encourage the de-

velopment of similar projects to 
ours In those nations.

4. the agrogeology project con- 
tInues to attract a constant 
stream of visitors. In 1985 the 
following scientists spent from 3 
days to 3 months with us: Dr. 
Johnson Semoka (Director of the 
Tanzanian side of the project), 
Mr. E.P. Mchlhyo, (project geolo
gist from Madlnl, Govt, of 
Tanzania), Dr. D.L. Hamilton (Sen
ior Lecturer In Geology, Manchest
er University, England), Dr. R.P. 
Sheldon (United Nations Consul
tant, formerly dI rector of the 
U.S. Geological Survey), Dr. 
Eduardo Garcia (Dept, of Edaf- 
ology, University of Santiago,

Spain), J. Wachlra (Common
wealth Secretariat, London, 
En gland), Mr. I.E. Ngunangwa 
(Director, Exp I oration Department, 
United Nations Economic Commission 
for Africa project: ESAMRDC, 
Dodoma, Tanzania), Dr. Gotz Gebart 
(Director, Federal Geological 
Survey, Hannover, West Germany).

Sandvl k P.O,, and G. Erdosh. 
1985. Geology of the Gargl 11 
phosphate deposit of Northern 
Ontario. p. 129-133 In: 
Gu11 let and Martin (eds.)• 
Th e Geo Iogy of In du str Ia I 
Minerals In Canada, special 
vol. 29. The Canadian Insti
tute of Mining and 
Metal lurgy.

Figure 3. Field laboratory.
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Land Management Studies
INFLUENCE OF CROPPING HISTORY ON 

AGGREGATES AND SOIL BINDING 
AGENTS

J.A, Baldock and B.D, Kay

The continuous production of 
rcw crops can have a detrimental 
effect on many of the characteris
tics of so 11 structure. Stud les 
reported In past Issues of this 
Progress Report have noted changes 
on aggregate size distribution, 
soil compressibility, air 
permeability and pore size distri
bution. The purpose of this study 
was to assess the extent and rate 
at which bromegrass and grain-corn 
Influence the stability of soli 
aggregates and the nature of soil 
binding agents.

The structure of the soli or 
the architecture of the soli 
matrix Is dynanlc and can be 
changed significantly by tillage, 
or compaction by heavy equipment. 
The structure can also be changed 
by natural forces such as wetting 
or drying. Once an optimal soil 
structure Is created It Is desir
able to reta In th Is structure 
against destructive forces. 
Measurement of the water stability 
of soil aggregates provide an 
Indication of the resistance of a 
defined soli structure (l.e. a bed 
of aggregates) to destruction as a 
consequence of wetting and mechan
ical stress.

The so 11 used In this study 
was a silt loan (Gleyed Melanic 
Brun Isol) and was taken from plots 
with different cropping histories 
ranging from continuous corn to 
continuous bromegrass (Table 1). 
Soils were pre-treated with water 
(control), sodlun chloride, sodlim 
periodate and sodium 
pyrophosphate. The chemical 
treatments were Included to evalu
ate the significance of specific 
materials thought to be signifi
cant In binding soil aggregates 
and therefore Increasing their 
stabl I Ity. The water stabl I Ity 
was measured using wet sieving 
equipment and seven sieve sizes: 
(2.00 - 4.70 mm, 4,70 - 1,96 mm, 
1.98 - 0.99 mm, 0.98 - 0.50 mm, 
0. 50 - 0.25 mm, 0.25 - 0.10 mm and 
less than .10 mm). Aggregates 
less than 8,00 mm In diameter were 
sieved from the soil and used In 
the study.

A new method was developed to 
analyze the data and reduce the 
data to single parameter. Such 
reduction Is critical If the tech-

Table 1, Cropping history.

Cropping History Oode

Continuous corn (15 years) C15

Bromegrass (9 years), corn (6 years) B9C6

Corn (13 years), bromegrass (2 years) C13B2

Continuous bromegrass (15 years) ei5

nlque Is to be used on a routine 
basis. The relationship between 
cumulative percentage by weight 
and aggregate diameter was 
expressed by a simple power 
function of the form:
y - Ax
where y represents the cumulative 
percentage by weight of soli 
aggregates with diameters I ess 
than a given value, x corresponds 
to the maximum aggregate diameter 
on a given sieve and A and B are 
constants. The R^ values obtained 
by applying the linear regression 
analys I s to the data of a I I treat
ments ranged from 0.88 to 0.99 
with 85£ of the values falling 
between 0.92 and 0.99. The two 
constants, A and B, are not Inde
pendent. Linear regression 
analyses Indicated that a good 
I Inear correlation (R^ = 0.93) 
with a significant slope existing 
between the two constants. Th I s 
means that a single constant, 
either A or B can be used as an 
Index of wet aggregate stability. 
Since the per cent change In B 
observed across the various treat
ments was greater than for A, the 
magnitude of B was chosen to serve 
as the I ndex of wet aggregate 
stablIIty.

The Influence of cropping 
treatnent on aggregate stability, 
as characterized by B values, can 
be sunmarlzed as follows: 
B] (- — C, BqC^- = ^1 R 
Tns Inclusion of02 ye^bs of corn 
production accounted for 7 5$ of 
the reduction of the B values 
observed between the B,c and C.c 
treafments. In addition, since 
the B values of the BQCL. and C,(- 
treatnents did not differ slgnlfi2 
cantly, the structural deterlora- 
tlon Induced by six years of corn 
production was not different from 
that associated with 15 years of 
corn production. Therefore the
loss of the aggregating
constltuent(s) from bromegrass 

soils due to the Initiation of 
grain-corn production occurs quite 
rapidly. To determine the rate at 
which the aggregating 
constituents accumulate In sol I 
due to bromegrass production, the 
B value of the C^Bj treatment was 
compared to thaV of the B. - and 
C. (. treatnents. The resul r°l ndl- 
cated that 2 years of bromegrass 
production subsequent to 13 years 
of grain- corn production only 
made up for 2 5$ of the difference 
between the B va lues of the B, 
and C, „ treatnents. The accumul 
tlorr^of the aggregating 
constituents due to bromegrass 
production, relative to Its loss 
due to grain-corn production, Is 
suspected to be a slow process.

The Influence of chemical 
pretreatment on aggregate 
stability was found to be In the 
followlng order:
Water = NaCI > Na I CL > N.
Periodate Is considered tozsei act
ively oxidize soil polysaccharides 
whereas the pyrophosphate anion 
displaces organic molecules from 
coordination complexes of Fe, Al 
and Ca cations. The data suggest 
aggregate stability Is most 
strongly Influenced by pyro
phosphate-sensitive materials. 
This effect was less pronounced on 
the B, 5 t realment than on the 
other cropping trealments.

Several conclusions have been 
drawn from this study. First, the 
calculations of B values from the 
wet aggregate stablIIty data has 
provided an excellent approach to 
assessing changes In the level of 
soil aggregation when soli Is 
exposed to various cropping treat
ments and chemical pretrealments. 
It has the added benefit, lacking 
In many other methods of assessing 
soil structural stability, that It 
uses the entire sol I and thereby 
avoids some of the questionable 
assumptions encountered when the 
results obtained from one soli 
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fraction are used to assess the 
entire soil. Secondly, the rate 
of structural deterioration 
Induced by grain-corn production 
was faster than the rate of 

structural enhancement I nduced by 
bromegrass production. Thirdly, 
pyrophosphate sensitive materials 
were more Important than periodate 
sensitive materials to the stabil

ity of aggregates In all cropping 
treatments except the continuous 
bromegrass treatment In which no 
significant difference was 
observed.

RATES OF BROADCAST PHOSPHATE 
WITH AND WITHOUT FERTILIZER WITH 
THE SEED OF CORN

Objective

To determine the effect of 
N.P.K. fertilizer applied In the 
row with the seed on the amount of 
broadcast phosphate which Is 
profitable for grain corn produc
tion and to relate this to the 
sodium bicarbonate soil test phos
phorus level In the soil.

Methods

Five trials wore run on the 
farms of Bob Hart, Woodstock; 
Doug Green, Embro; Hugh Scott, 
Staffa; Wl Ifred Sodtke, Guelph; 
and Keith Austin, Elora. Sodium 
bicarbonate soil test levels on 
these sites were 14, 11, 12, 25 
and 27 mg P/L (ppm) respectively.

Fertilizer banded with the 
seed Increased early growth 
appreciably and advanced silking 
on all sites, decreased moisture 
at harvest on al I but one site (an 
al l-slte average of 1.4$) and 
increased grain yield significant
ly on three of the five sites, an 
all site average of 0,2 t/ha or 3 
bu/ac (see Tab 1 e 1),

The only Interaction of 
broadcast phosphate with fertiliz
er banded with the seed occurred 
at the Austin site where the 
percentage of pl ants si Iked was 
1ncreased by phosphate but only 
when no fertilizer was banded with 
the seed.

The two fertilizers banded 
with the seed were not different 
In any practical way a I though 
there were significant small 
differences In size of plants at 
thinning, and number of plants 
silked on a specific day, on one 
s I te.

These conclusions are based 
on one year’s results only and may 
not represent a long-term 
pattern.

This project was funded by
Alpine Plant Foods Ltd,

Two liquid fertilizers, a 
6-24-6 and a 6-24-6 containing 
seaweed extract and micronutrients 
were compared with no fertilizer 
applied with the seed. The phos
phorus fertl I Izer used was 46% 
superphosphate broadcast by hand 
In the spring and Incorporated by 
the farmer In normal seedbed pre
paration.

Conclusions

Broadcast phosphate d Id not 
Increase grain yield at any of the 
five sites. It Increased P con
centration In the ear leaf and $ 
ear mo I sture at harvest at one 
site and advanced silking very 
slightly at a second. Phosphorus 
soil tests and concentrations In 
the plant at one site (Austin) 
were sufficiently high that 
response to phosphorus should not 
be expected. On this site yield 
response to fertlIIzer with the 
seed was also smal I, On the other 
sites It Is believed that the lack 
of response to broadcast phosphate 
may have been due to the phosphate 
not being Incorporated sufficient
ly deeply to be available to the 
corn roots early In the season. 
Another less likely possibility Is 
that the corn pl ants were we I I 
supplied with phosphorus and did 
not respond for that reason.

Table 1. Corn Grain Yield as Affected by Broadcast Phosphate and 
Fertilizer Banded with the Seed*.

Trial

Fert, 
With 
Seed

Broadcast Phosphate

0 23 46

- kg

92 184
-Stat. Sign If. 
of Interaction

— --grain yield at 15.5$ molsture - t/ha-—

Cl -Hart Without 
With 
Mean

7.96
8.38

8.31
8.72

8.33
8.40 
O'

8.39
8,50 
w

8.47
8.72
0.60

n.s.

C2-Green Without 
With 
Mean

7.14
7.06
770

6,74
7.36
7.05

6.96 
7.01 
O'

6.91
7.09
7777

7.03
7,30

5$

C3-Scott Without 
With 
Mean

7.40
8,06

7.84
7,88
7777

7.56
8,20
7777

7.78
8.22 
s;oo

7.88
8.02

n.s.

C4-Sodtke Without 
With 
Mean

7.96
7,76

7.68
7,78

7.58
7,90

7.04
7.64

7,62
7,74

n.s.

C5-Austl n Without 
With 
Mean

7.69
7,98

7.83
7,85

7.41
7.58
7757

7.97
7.43

7.80
8.0^

n.s.

Mean Without 
With 
Mean

7,63
7.85

7.68 
7.92 
77SIT

7.57
7.82
7777

7.62
7.78

7.76
7.96

*Ylelds for the Scott, Sodtke and Austin sites adjusted to a common plant 
stand using co-varlance

T,E. Bates and G. Bowles
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Long-term fert 11Izer trials 
on corn showed a much larger than 
predicted response to potassltrn on 
a Conestoga loam soli at the Elora 
Research Station, Dr, R,W, Sheard 
found similar results with alfalfa 
on a Guelph loam soli at the Elora 
Research Station located close to 
the corn trial and also on a Tees- 
water loam near Walkerton,

John E, RIchards completed 
his Ph,D, thesis studies by 
searching for the reasons why 
crops on these sites responded to 
more fertilizer potassium than 
expected based on their ammonlixn 
acetate extractable (exchangeable) 
potassium content (OMAF soli 
test). In a greenhouse study with 
eight crops of alfalfa most of the 
soils supplied large amounts of 
potassium not extracted with 
ammonlirn acetate. Potassium up
take by alfalfa appeared to follow 
response patterns In the field 
trials,

■Rie difference In potassium 
availability In the field and 
greenhouse was shown not to be due 
to soli compaction nor to less 
availability of applied potassium 
fertilizers. Clay mineralogy of 
the soli from these sites was also 
not dIfferent than from other 
soils on which crops respond 
normal ly to potass Inn, II I Ite and

vermiculite were the predominant 
clay minerals. Differences In 
potassium availability were not 
related to differences In cation 
exchange capacity.

The soils were extracted six 
times with boiling nitric acid to 
remove non-exchangeable potassium. 
When the most soluble fraction of 
the non-exchangeable (nitric acid 
soluble) potassium was used In 
conjunction with exchangeable 
(ammonium acetate extractable) 
potassium the prediction of potas
sium uptake In the greenhouse was 
Improved appreciably. The 
correlation coefficient (R2) was 
0,50 for ammonium acetate and 0.74 
for ammonium acetate plus the more 
soluble fraction of non-exchange
able potass I tm.

1 EUF extraction provided by Dr.
K. Nemeth of the Buntehof f 
Institute, Hanover, W. Germany.

Electro-uItra filtration 
(EUF)1 to extract potassium also 
provided a good Dredict Ion of 
potassium uptake (R2 = 0,73) when 
used alone. This Is surprising 
since the EUF extraction removed 
less potasslim from most of the 
soils than ammonium acetate 
a lone.

The less stable fraction of 
the non-exchangeable potassium 
which appeared to be an Important 
source for plants In this study Is 
Influenced over a period of years 
by potassi on fert11IzatIon and 

crop removal. Therefore, It seems 
likely that the Conestoga, Guelph 
and Teeswater soils used In this 
study were problem soils because 
of long-term depletion of potas
sium rather than from intrinsic 
characteristics of the soils. The 
Conestoga and Guelph soils used In 
this study were chosen for 
fertlIIty research because of 
their low fertility and because 
both were maintained In bromegrass 
hay without potassium application 
for a number of years before the 
potassim studies were Initiated.

Regardless of the reason for 
these non-confonml ng soils, some 
convenient means of measuring the 
non-exchangeable potassium 
involved must be found If soil 
tests are to be used to estimate 
potassium requirements on these 
problems soils.

The EUF technique Is slow and 
costly as a so 11 test, un I ess 11 
can be used for a number of 
e I ements. Much more research
would be required to test It for 
phosphorus, magnesium and the 
mIcronutrlents.

Field studies on the response 
of corn to residual N from manures 
were completed in 1935, The ex
periment was conducted on Cone- 
stogo silt loam at the Elora Re
search Station, The grain yield 
data shown In Table 1 indicate the 
extent of responses to urea and 
three manures appl led in 1983. 
One half of each plot was treated 
with anhydrous ammonia (120 kg N/ 
ha) when the plants were 10-15 cm 
high. The other half was left 
untreated.

The yield data show that 
considerable residual N remained 
after two years with the highest 
levels of manure appl Icatlon, The 
extent of response was generally 
related to the quantity of manure- 
N appl led in 1983, There was no 
evidence of carryover of urea-N 
applied in 1983. Where 120 kg N/

POTASSIUM AVAILABILITY IN 
ONTARIO SOILS

T.E, Bates and J.E, Richards

RES I DUAL N FROM PREVI OUS UREA 
Al® MANURE APPLICATIONS

E.G. Beauchamp
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ha was applied In 1985 (also In 
1984), yields from some treatments 
were greater than the control 
treatment. This observation may 
mean that organic matter supplied 
In the manure Improved the physi
cal properties of the soli. Al
though manures suppl led P and K, 
sufficient fertilizer P and K was 
suppl led to all plots to overcome 
any possible deficiencies.

Table 1: Grain yields of corn In 1985 on plots where different rates of 
urea and several maures were applied In 1983.

* Obtained from feef Uhlt, Elora Research Station 
** Obtained from a local farm

The objective of this pro
ject was to delineate the regional 
extent of dry periods that occur 
during the growing season. As a 
follow-up to an extensive study of 
dry spells for the 1957 to 1979 
seasons and published In 1984, the 
longest dry spell In each of the 
1983 and 1984 growing seasons was 
examined. The driest period In 
1983 Iasted from June 7 to July 
27, and In 1984 from July 12 to 
August 17. According to the 
available rainfall records large 
areas of southern Ontario received 
less than 50% of normal rain dur
ing these periods In both years.

In 1983 (Fig. 1) the driest 
areas occurred through the central 
parts of the province, extending 
from southern Lake Huron to beyond 
eastern end of Lake Ontario. Most 

of the area along the north shore 
of Lake Ontario from Toronto east 
receive <25 mm, l.e. <20? of nor
mal. Other pockets this drought 
occurred were northwest of Metro 
Toronto, northeast of the Kawartha 
Lakes and near Brookville. Of 
course, thunder showers brought 
the rainfall total to near normal, 
or In excess of normal In Isolated 
areas. These areas occurred In 
Essex west Kent (>150 mm), parts 
Oxford, Brant and Haldlmand- 
Norfolk (>100 mm) and pockets In 
Eastern Ontario (>!00 mm) In 
1983,

The driest areas In 1984 
were not as extensive as In 1983. 
The area east of Lake Huron to the 
Kawartha Lakes and f rom GeorgI an 
Bay south to Lake Ontario received 
<50 mm compared to a normal of 90 

mm for the period. The very 
driest pockets, with 10 to 2 5? of 
normal, occurred between Georgian 
Bay and Lake SI mcoe, a I ong the 
eastern shore of Lake Huron, and 
northwest of Metro Toronto. Essex 
and Kent counties were much drier 
In 1984 than In 1983. Most of 
eastern Ontario received In excess 
of normal precipitation during 
this period In 1984,

It appears from this study, 
and the more extensive study con
ducted earlier, that areas east of 
Lake HUron to Lake Simcoe and 
south to Metro Toronto may receive 
fewer outbreaks of thunderstorms 
dur Ing the I ate spr Ing-scmmer 
perlod, when frontal passages 
bring only this type of shower 
activity for extended periods.

CHARACTERISTICS OF GROWING SEAS
ON DRY SPELLS IN SOUTHERN 
ONTARIO

D.M. Brown, P. Newdlck and R. 
Place

Treatment (1983) Grain Yields (t/ha, 15.5? H2O)

(kg N/ha) 0 N 120 N (1985)

Contro1 4.47 5.92

Urea 50 3.93 5.81
Urea 100 4. 73 5.67
Urea 150 4.57 5.94

Liquid Dairy Manure 200 4.98 5.83
Liquid Dairy Manure 600 5.41 6.45

Sol Id feet Manure* 100 4.80 6.0 9
Solid Beef Manure 200 4.89 6.25
Sol Id Beef Nbnure 300 4.90 6.03

Sol Id Cow Manure* 100 4.31 5.94
Solid Cow Manure 200 4. 62 6.06
Sol Id Cow Manure 300 5.43 6.65

LSD (.05) 0.65 0.55
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Figure 1.

GLOBAL CHANGE

W. Chesworth

A major new mega project is 
currently being hatched In Canada 
concerning global change. It is a 
project of considerable interest 
to scientists In this department, 
particularly those Involved In 
soil degradation and the environ
mental impact, chemical, physical 
and biological, of agricultural 
activities. The original initia
tive came from the International 
Council of Scientific Unions and 
this induced the Royal Society of 
Canada together with NRC to invite 
35 people to a workshop In Ottawa 
(9-10 December, 1985) to write an 
initial brief, I went to speak 
about changes I n the terrestrial 
weathering zone (soils In parti
cular) and the following Is a 
brief list of the main topics that 
emerged as being ones in which 
Canadian scientists could play an 

important role. The list J s by no 
means exhaustive and Is not meant 
to be exclusive of other possi
bilities, It’s simply an accurate 
tabu I ation of what 35 peop I e 
talked about in too short a time.

First It was seen that there 
were a number of especial ly criti
cal processes changing the part of 
the planet that we Inhabit e,g.
- changes in the albedo (related 

to Arctic haze, land and sea, 
snow and Ice cover, the boreal 
forest);

- temperature changes (relatable 
to geophysical or anthropic 
events) and related changes 
e.g, biomass productivity, 
geographical dynamics of perma
frost;

- chemical and physical changes 
In the soil as the result of 

activities In agriculture and 
forestry, feedback Into atmos
phere and hydrosphere;

- peat bog changes and effects on 
the methane eye Ie;

- PCCL variations, effects on 
temperature, the biological 
pimp etc,;

- changes In the Labrador 
current;

effects of new, synthetic 
materials, now being added to 
the biosphere.

A second, general group of 
topics covered study of specific 
ecosystems In Canada, Particular
ly sing led out were

- Coastal Ecosystems
- Northern Landscapes

High latitude, marine eco
systems
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Next, the 200 year history 
of anthropogenic disturbance In 
Canada following the European 
settlement was discussed. The 
focus was geographic with emphasis 
on
- The boreal forest
- The Great Lakes region
- The Great Plains

singled out were questions of loss 
of biological species, the degra
dation of soils, and the ultimate 
sustainability of these habitats. 
Item three was given great promi

nence as Canada's ’’bread basket11. 
There was also discussion of the 
effects of possible climatic 
changes, and of engineering mega
projects e.g. diversion of Arctic 
r Ivers.

1) Control: (NH )?SQ and KCI were 
not4 appl led

2) N: (NF^^S^ was aPPl led

3) N + K KCI was appl led at 209
p,g K+/g pr lor to

adc|itlon

As a fourth general area a 
good deal of discussion surrounded 
problems of methodology; In partl- 
cular:
- database management
- remote sensing
- model I Ing

No orders of priority were 
set up, and the exercise was de
signed to produce a working docu
ment, finished In February, 1986, 
that should serve to focus the 
attentions and criticisms of any 
Interested scientists who cared to 
respond.

Further workshops will be 
held In 1986 with the objective of 
designing a major cooperative 
research project which will be 
looking for funds In 1987,

In a previous field study, 
the Immediate recovery of applied 
urea in soils was was found to be 
very lew. It was hypothesized 
that a considerable quantity of 
appl led N was fixed In clay 
minerals and slowly released 
throughout the season. Hence, 
part of the appl led N was not 
Immediately extractable but was 
pl ant ava 11 abl e. Therefore, * $N 
was used to determine:
I) the recovery of appl led N;
I I) the amount of f Ixed NH +; and 
HI) amount of N Immobilized In a 
15 day Incubation assay.
In addition, K+ was used to block 
subsequent NH. + fixation and 
thereby Increase recovery of 
appl led N as exchangeable NH^+.

Balnesvllle and Dalhousle 
soils were selected as soils 
demonstrating low apparent 
recovery of appl led NH. +-N. 
Brookston and Conestogo soils were 
selected as soils which exhibited 
a high recovery of appl led Nf^ +-N. 
Five treatments were employed. 
Each soil treatment combination 
was replicated thrice. All soils 
were pre Incubated for 22 days 
prior to N addition. All treat
ments except the control received 
75 n,g N/g of 97. 5% atom percentage 

SQ at the start of 
the second zl ncuoat Ion period. The 
treatments were:

4) N + KAD KCI was appl led at 209 
jig K+/g, the soil air 
drled, then rewetted, 
and Incubated for the 
Iast 10 days of the 
preIncubation period 
prior to (NH. )oS0. 
addition.     z 1234 4

5) N t G The soil received 3.2 
Mrads of gamma radla- 
tlon prior to 
(Nl\,2S(\ addition.

After 15 days, 2N KCI 
extractable (NH + + NOl") -15N 
contents and clay fixed NH-N 
were determined. Total ^N4was 
then calculated as the son of the 
exchangeable and fixed NH +-^N 
contents, 4

The recovery of exchangeable 
(NH. + + N0_3**)-15 n ranged from 
60. to 86.7^ for the N treatment 
in the Balnesvllle and Brookston 
soils respectively (Table 1). 
Pre-addltlon of K+ Increased the 
recovery of exchangeable N only In 
the Balnesvllle soil. This 
Increase was relatively small 
considering the total amount of 
clay-fixed NH.+-^N. These 
results suggest That K+ was Inef
fective In blocking subsequent 
NH. + fixation, contrary to 
previous findings. When the 
apparent recovery of (exch. NHU+ + 
N0o“)“N was determined, K+ 
pr&-addltion was associated with 
greater extractabIe (NH^ + +
NO ~)-N recoveries than the N 
treatment. The apparent 

So 11 Trea tmen t (NH* + N03 )-15N Fixed 15N Total 15N

-------■ - (*)-------
Ba i ne sv i 1 Ie N 60.5 27.7 88.5

N + K 64.9 21.1 86.5
N + KAD 52.7 34.9 89.0
N + G 68.8 31.6 100.4

Brookston N 86.7 2.23 89.1
N + K 86.7 2.40 89.3
N + KAD 89.6 3,12 92.8
N+G 96.3 3.42 99.8

Conestogo N 86.2 3.79 90.1
N + K 84.7 2.88 87.7
N + KAD 90.3 4.85 95,3
N + G 90.4 7.26 97.8

Dalhousie N 69.4 26.1 95.6
N + K 68.4 34.6 103.0
N + KAD 60.4 40.9 101.0
N + G 72.5 33.2 106.0

+
Table 1. Recovery of appl Ied <^NH, )QS0. as exchangeable (NH, 

+ NO~)-^N, fixed ana totdl ^N.

C. Drury and E.G. Beauchamp

SHORT TERM NH + - FIXATION 
BY CLAY COLLOIDS1 2 3 AND N TRANSFORMA
TIONS IN SOIL AS INFLUENCED BY K 
PRE-ADDITION AND GAMMA 
RADIATION
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recoveries were 85.8? In the 
Bainesville soil, 80.5? in the 
Brookston soil, 86.7? In the Cone- 
stogo soil and 95.1? In the Dal- 
housle soli. Applled K+ was found 
to release native

In previous studies, K+ addi
tion was thought to b lock NH. + 
fixation, whereas this study 
shewed that K+ repl aced NH+-^llN 
on the fixation sites. Similar to 
the N + K treaiment, the N + KAD 
treatment caused an Increased 
apparent recovery of (exch, 
NH + + N0~)-N as compared to the 
N treatment, and It was associated 
with lower recoveries of (exch. 
NH. + + NO ")-15n In the 
Barnesville and Dalhousie soils 
and slightly higher recoveries In 
the Brookston and Conestogo soils. 
With gamma radiated soils, (exch. 
NIV+ + NO “)-l$N recoveries ranged 
fron 68.8s to 96.3? In the Balnes- 
v I I I e and Brookston sol Is, 
respectively. In all cases, the 
recoveries were greater with the N 
+ G treatment than the correspond
ing N treatments, Indicating that 
some of the appl led N was 
Immobilized. The amount of 
Immobilization was calculated as 
the difference between the (exch. 
NH + + NOq^J-^N contents of the N 
+ 4G anef N treatments. The 
estimated range of immobilized N 
was 3.1? for the Dalhousie soil to 
9.6? In the Brookston soil. These 
values may overestimate the 
Immobilized -N content as gamma 
radiation also prevents denitrifi
cation from occurring.

The recovery of appl led N In 
the fixed N fraction ranged from 
2.2? for the Brookston soil to 
27,7? in the Dalhousie soil when N 
was appl led. Both the Ba Inesvl I le 
and Dalhousie soils fixed 
considerable quantities of applled 
^N, whereas the Brookston and 
Conestogo soils did not. K+ pre 
addition decreased the fixed 
NH +-1$N contents In the Brookston 
and Dalhousie soils. It Is note
worthy that the N + KAD treaiment 
resulted in higher fixed NH.+~^N 
recoveries as compared to The N 
trealment. Air drying was found 
to decrease the nitrification rate 
thereby Increasing the length of 
time that the appl led N remained 
In the NFL+-N form. Hence, the 
N0u--^N sink resulting from the 
n i Tri flcation of NH was
reduced when N + KAD treaiment was 
applied. Similarly, the nitrifi
cation rate was reduced when gamma 
radiation was used and the corres
ponding recoveries of fixed 
NH +-15n were consistently greater 
wl Th the N + G treaiment as 
compared to the N trealment. It 
should be noted that gamma radia
tion Inhibits all biological 
activity and thereby causes 
Increased NN.^-^N I evels due to 
microbial cell lysis. Hence, the 
N + G treatment provides a 
competing source of fixed NHu+-llfN 
with native NH^+ In addition to 
removing a sink by Inhibiting 
nitrification. Therefore the N + 
G treatment was not necessarl ly 
expected to have a greater 
recovery of fixed NHl++-^N than 

the N + KAO treaiment.

Th e tota I recove r les
ranged from 88.5 to 9 5.6? In the N 
trealments of the Bainesville and 
Da Ihousle so 11s, respect Ive Iy. 
The N + G treatment was however 
associated with the highest 
recoveries of total as both 
fixed NIV+- had been accounted 
for anti Immobilization was 
reduced. The total 
recoveries were found to be 
between 97.8? in the Conestogo 
sol I to 106? In the Da I housle so 11 
with the N + G treaiment.

In sunmatlon, as much as 
39,5? of appl led N can be convert
ed from 2N KCI extr acta bIe to 
non-extractable forms within 15 
days after N addition. This 
effect was greatest In the 
Bainesville and Dalhousie soils. 
Further K pre-addltion was found 
to release native NH.+-N but was 
not effective 1 tr blocking 
subsequent NHU+ fixation even when 
used in combination with air dry
ing. When recoveries of applied 

were lew, as occurred In the 
Bainesville and Dalhousie soils, 
the majority of the N was found In 
the clay-f Ixed NH.+-15N fraction 
The Immobl I lzatlon4process was not 
found to be as Important In these 
aforementioned soils, but was 
however the major sink in the 
Conestogo and Brookston soils, 
which had comparatively smaller 
amounts of clay fixed NH^+-^N.

The utilization of Industrial 
waste products has presented an 
opportunity to agriculture. Waste 
products of food processing may be 
a source of animal feeds, while 
selected wastes from Industrial 
chemical manufacturing, such as 
long chain polymers, blo-degrad- 
able organics, and Inert plastics 
may be used as soil stabilizers. 
With this In view, a preliminary 
study was Initiated to test the 
effects of specific waste products 
on the water stable aggregate 
value of a soil and the effect of 
these products on the growth of 
corn In the green-house.

METHODS:
Water Stable Aggregates

Air dried aggregates (1-2 mm) 
from a Guelph loam soli were used 
In this experiment. The treat
ments are as shewn In Table 1. 
Al I treatments except the 
"control" were sprayed at the rate 
of 2 l/rrr 1? v/v solutions. Al I 
treaiment samples were allowed to 
air dry and were subjected to a 
modified Yoder ’Wet Aggregate 
Stability Test’ (Table 1).

Plants Grown In the Green-House

SI eved Guelph I oam soil was 
used to fill 20.5 cm diameter 
greenhouse pots. Polyvinyl 
chloride (PIC) and P\C-soll mix
ture were also used as potting 
media. Pots were planted with 
corn Sept. 30/85, Al I treaiments 
requiring spray appl Icatlon of 
test materials were applied after 
planting at a rate of 2 l/n? of 1? 
v/v and 10? v/v solutions. The 
pl ants were grown In greenhouse 
temperatures between 19-28°C 
night-day cycle with 16 hours of 
supplementary lighting.

EFFECTIVENESS OF COMMERCIAL SOIL 
CONDITIONERS AND INDUSTRIAL WASTE 
PRODUCTS IN THE FORMATION OF WATER 
STABLE AGGREGATES AND THE EFFECTS 
OF THESE WASTE PRODUCTS ON CORN 
GROWTH IN THE GREENHOUSE.

P.H. Groenevelt and E. Dickson
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Def Iclency symptoms arose 
despite an Initial nutrient 
supply, but were over come by 
additions of extra nutrients and 
the use of a hydroponic nutrient 
solution. The plants were grown 
to maturity, producing a small 
cob. Table 2 shows treatment 
schedule and final plant heights.

Effectiveness In formation of 
water stable aggregates and 
ef f 'e c T s ’ o n corn plants grown 'Iri 
the greenhouse.

The best commercial product 
available to Increase wet 
aggregate stability Is PVA. This 
test showed that ’Emulsion Polymer 
Blend1 equalled the effectiveness 
of PVA; Na I co 2190 came very 
close. Surfactant waste, 
(ethyoxylated alcohols and 
aIkanolamides) definitely Improved 
the wet aggregate stability, 
whereas Agrlc-SC. (two treatments) 
had little Influence on wet 
aggregate stability.

The pl ant height data show 
that corn will grow In the 
presence of some of these waste 
products. The surfactant waste at 
10? concentration may have 
Influenced the growth of corn 
a I though cobs were produced. 
There was a problem with the 
PlC-clay (lagoon product) after 
the fourth week of planting. The 
plants did not grow after reaching 
113 cm height. The roots from 
these plants did not appear 
healthy.

Plants grown In PM3 f Ine 
50/50 soli and PM3 fine 25/75 soil 
did not do well. This very fine 
powd ery ma ter lai did not mo 1sten 
properly, thus excess moisture and 
moisture availability may have 
been prob lems for those pl ants. 
Plants grown In pure 'PMC coarse' 
did fairly well and produced small 
cobs.

TABLE 1: Results: The wet aggregate stabilities after the different 
treatments are presented below. The nunber In brackets 
Indicates the standard deviation.

Product Wet aggregate stabl 1 Ity (?)

Treatment St, dev* Variance

1. Cbntro 1 37.3? (+ 4.1) 16.9

2. Wbter 30.6? (± 5.1) 26.4

3. P VA Po 1 yvl nyl Al coho 1 96.7? (± 0.7) 0.6

4. Emulsion Polymer Blend 94.8? (+ 2.6) 6.8

5, Surfactant Wbste 53.8? Ct 5.8) 34.1

6. Agri-SC. (New) 41.8? (+ 5.6) 31.0

7. Nai co 2190 86.9? (+ 1.3) 1.6

8. Agrl-SC. (01 d) 37.9? (+ 3.9) 14.9

TABLE 2: Wbste Treatments with Final Plant Haights

Rate Final Plant hblghts cm

Control 212

1? n 226
Emulsion Polymer Blend 2 1/n£

10? 210

1? o 217
Surfactant Wbste 2 l/rr£

10? 193

1? n 223
Nalco 2190 2 l/m2

10? 219

Polyvinyl chloride (PVC) + cl ay (1 agoon) 85

PVC + clay + sol 1 50/50 200

PVC fine 50/50 (sol 1) 149

PVC fine 25/75 (sol 1) 176

PVC coarse pure 212

PVC coarse 50/50 210
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WATER UPTAKE EFFICIENCY OF CORN 
ROOTS

M.E.D, Graham and G.W. Thurtell

In the 1984 Land Resource 
Science Progress Report (Graham 
and Thurtel I, 1984) f we reported 
on the development of a field 
chamber system designed to enclose 
a single corn plant. This chamber 
system was built so that measure
ments coul d be made of whole pl ant 
photosynthesis (PS) and transpira
tion (TS) In the field under con
trolled hunldlty conditions. 
This article will discuss the 
performance of the field enclosure 
systems and some of the resul ts 
obta ined with them.

The main reason for the deve
lopment of the field enclosure 
systems was to provide the equip
ment necessary to test whether or 
not well watered field grown 
plants experience a water stress 
under conditions of high evapora
tive demand. It was thought that, 
under these conditions, plants 
with a smaller and less efficient 
root system would not be able to 
remove water rapidly enough from 
the soil to replace that lost from 
the leaves, resulting In a water 
stress I nduced stoma tai cl osure. 
Two chamber systems were developed 
which were capable of controlling 
the evaporative demand of the 
aer ial envlronment around the 
plant and measuring the amounts of 
carbon f ixed and water Iost from 
the I eaves (Graham and Thurtel I, 
1984), We expected the effect of 
increased TS on PS to be greater 
In the plants grown In soil than 
in the hyd roponlea Ily grown 
pI ants.

During the past summer these 
chamber systems were used to study 
the effect of lowered humidity on 
the PS and TS of corn. Two groups 
of pl ants were stud led at the 
Cambridge Research Station: plants 
grown In well fertilized Fox Sandy 
Loam, and hydroponically grown 
p I ants. The so 11 grown pl ants 
were Irrigated whenever tensiomet
ers at 30cm depth reported a soli 
moisture tension less than 0.3 
Bar, and the hyd ropon Ic pl ants 
were watered with nutrient solu
tion (Tollenaar and Mlgus, 1984) 3 
times a day. Four experiments 
were performed: In two, the PS 
and TS of a pair of so 11 grown 
plants were simultaneously com
pared; 1 n the other experIments 
hydroponic plants were used. 
During each experiment the hunld- 
Ity In one chamber was kept high 
while the other was held at a high 
evaporative demand (low hunldlty).

Plant enclosure system for studying effect of transpiration on 
photosynthesis on corn.

Each day of the experiment, the 
situation was reversed (eg. the 
chamber which on the previous day 
was at a high hunldlty would new 
be kept at a low hunldlty). In 
this manner, the plant at high 
hunldlty was always available as a 
control for studying the effect 
of h Igh TS rates on the other 
plant. This method of 
simultaneous comparison eliminated 
the effect of environmental 
variables other than hunldlty.

During the experiments last 
sunmer, the chamber systems were 
found to be able to measure PS and 
TS with an accuracy of 5$ and 
could be used to detect very sma I I 
changes In the relationship be
tween PS and TS, Some results of 
the soli experiments are shown In 
Figure 1, These data were ob- 
talned by simultaneously measuring 
PS and TS, The pl ants were 
Irrigated on August 01 and again 

on August 05 (on the afternoon of 
August 04, tensiometers at 30cm 
were reporting .37 Bar of 
tension). The plot shows the 
difference In measured PS and TS 
b etween the two cham bers as a 
function of time during the drying 
cycle. The data as shown are 
actually deviations from the mean 
difference (ie, the mean 
difference In PS for the whole 
experIment has been removed from 
the data so that the plot centers 
around zero on the y-axIs). As 
can be seen fron Figure 1, the 
transpiration difference (TS1-TS2, 
"+" In the figure) changes from 

positive on one day to negative on 
the next. Th I s pattern of TS 
changes was forced by the pattern 
of hunldlty changes Imposed on the 
plants. The salient feature of 
the figure Is that the difference 
In PS is always of opposite sign 
to the TS difference. That is, 
the plant with the higher TS 



56

always had a relatively lower PS, 
even when the soil was freshly 
Irrigated (tensiometers reading 
0). It should also be noted that 
the difference In PS became 
progressively more significant as 
the drying cycle progressed (by 
the end of the drying cycle, the 
difference In PS represented 20^ 
of the average PS for the experi
ment) . The maximum Imposed trans
piration rates were higher than 
those usually expected In the 
field. The TS values In our ex
periment ranged from 150 to 600 
W/rr?; typical maximum values In 
our area are on the order of 300 
W/nr, We cannot be certain that 
our results would be as consistent 
If we had kept our transpiration 
rates belcw a maxlmun of 300W/rtf\

Figure 2 shows a plot of 
the PS difference versus the TS 
difference for both soil experi
ments. This graph has a slope of 
-1.87 mg C0o/g FLO and a correla
tion coeffIclen"i of -0.797, The 
fact that this plot Is linear 
suggests that the effect of TS on 
PS occurs even at I ow TS va lues 
(the data near zero on the TS-dlf- 
ference axis were obtained when 
the absolute value of TS was 
small). A similar set of graphs 
was obtained for the experiments 
on hydroponical ly grown pl ants. 
In this case, the slope of the 
figure corresponding to Figure 2 
was -.907 mg CO^/g FLO with a 
correlation coef rlclent of -0.49. 
Although there was a large amount 
of scatter in the hydroponic data, 
the slope was found to be signifi
cantly different from that for the 
soil plants at the 99^ confidence 
I eve I •

The fact that the soil plants 
are more sensitive to changes In 
evaporative demand than hydropon
ically grown plants Impl les that 
the soil grown plants would yield 
less d ry matter In d ry 
seasons. Our study did not In
clude plants grown on unlrrlgated 
soil; It Is expected that the 
sensitivity of PS to changes In TS 
would be larger on these plants. 
We require more data In order to 
be able to predict yield re
ductions due to high evaporative 
demands, especially on drier 
soils. It may be that the weath
er patterns In our area, coupled 
with more typical soil water ten
sions would produce a photosyn
thetic sensitivity to transpira
tion which could explain the yield 
var lablIty encountered from year 
to year and field to field.

Figure 1, Plot of difference In TRS and PS between the two plants of 
the Aug 01-05, 1985 experiment on so 11 pl ants. Data po Ints are means of 
five half hour measurements. The mean di f ference cal culated for the 
whole experiment has been subtracted from each point. Plants were 
Irrigated on Aug. 01 and Aug. 05; tensiometers of 30 cm depth ware 
reported -0.37 bar on the afternoon of Aug. 04.

Over the next few seasons we 
Intend to extend this study to 
drier soils and different soil 
types. We would also like to 
study the TS-PS relationship dur
ing earlier stages of growth, as 
our experiments this sunnier dealt 
only with plants between silking 
and maturity, and growth differ
ences between hydroponic and soli 
plants are encountered In earlier 
growth stages (M.H. Miller, 
1985, personal communication). In 
short, our experiments have shown 
us that water stress can occur In 
well watered plants when TS rates 
are Iarge, but we cannot yet be 
sure that this effect Is large 

Figure 2. Plot of al I PS and TS difference data obtained on soil plants 
I n the simmer of 1 985. Points are calcul ated as I n f Igure 1. r = 
correlation coefflcent, S = slope.

enough to significantly affect 
yield In the typical farmer’s 
field.
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RELATIONSHIPS BETWEEN TILLAGE, 
RESIDUE, AND MANORIAL PRACTICES 
AND FACTORS GENERATING AND 
MODIFYING PHOSPHORUS LOSSES

M, Marsh and P.H, Groenevelt

An analysis of data collected 
on ten runoff plots from 1970 to 
1975 by J, W. Ketcheson was con
ducted using analysis of variance 
on regression coefficients of 
variables which generate and modi
fy erosion losses for Individual 
simmer storms. The variables used 
are readl ly obtainable from most 
weather station data, or are easi
ly computed. The regression equa
tion that explained most variation 
most efficiently was:

Total P = lot + BlR + B?R2 + 
Bo RI + BhAPI t BrKxCCI

where Int = Intercept
R = total ralnfalI for the 

event
RI - maximum five minute 

ralnfalI intensity
API = antecedent precipita

tion Index
CCI = crop cover Index

Yr = an effect due to vari
ations from year to 
year

This model explained an average of 
83? of the within plot variation 
In total P (Tot P) losses. It was 
also applicable to dissolved P 
(DMRP), extractable P (Ext P), 
soil, and runoff losses (r2 = 
0.75, 0.81, 0. 74, and 0.79, re
spectively) .

Analysis of variance of the 
regression coefficients derived 
above showed that significant 
treatment differences In average 
simmer erosion losses resulted 
when two or more of the Indepen
dent variables were contributing 
to the effect. Significant treat
ment differences occurring for 
only one Independent variable were 
masked by other variables and 
rendered non- significant for the 
average simmer loss analysis. By 
this method of analysis (1,e. 
conducting analyses of variance on 
regression coefficients) It Is 
therefore possible to both examine 
the sources of variations In aver
age simmer erosion I osses from 
among the erosion generating and 
modifying factors, and to examine 
the Influence of management prac
tices upon the effects of those 
factors In a field situation under 
natural rainfall. This statement 
must be prefaced by the recogni
tion that all terms In the model 
to be examined In this manner must 
have identifiable physically based 
meanings.

The analysis Indicated that 
the average simmer I osses most 
strongly reflected the R2 coeffi
cients. Since R2 was also gen
erally the dominant variable with
in a given equation, the square of 
t he totaI rain per event wa s 
therefore the best 1 ndlcator of 
erosion losses. The following 
conclusions can be drawn from the 
study:

1) Stover on no-till produces a 
reduction in the effect of 
total rainfall volume (as 
indicated by the R2 
coefficient) (see Figs, 1 and 
2) on Tot P and Ext P losses, 
A similar trend Is evident for 

Figure 1, Ftelatlonshlp of total P losses to rain and rain Intensity. 
No t i 11 manure.

Figure 2, Relationship of total P losses to rain and rain Intensity. 
No til I manure stover.

soli and runoff losses, but not 
for DMRP I osses.

2) The appl Icatlon of manure 
Increased the effect of rain 
volume on all P losses, even 
though 1 ts effect on average 
summer losses was significant 
only for DMRP,

3) Fall plowing considerably 
reduced the effect of rain 
volume on DMRP losses,

4) The effect of rainfall 
Intensity on Increasing Tot P 
and Ext P losses was reduced by 
stover; however, stover 
Increased this effect for 
DMRP.
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5) The ability of manure to reduce 
Ext P enrichment ratios Iles 
Iargely In Its ab11 Ity to 
restrict Increases In Ext P 
losses with Increases In 
ralnfalI Intensities,

6) Fall pl ow I ng reduces the ef feet 
of rainfall Intensity on DMRP 
Iosses,

7) Stover reduces the effect of 
soli moisture (as reflected by 
the API coefficient) on 
Increasing CMRP losses, due 
mostly to a large reduction on 
no-t11 I plots, A similar trend 
Is evident for al I other 
erosional losses, although It 
Is very weak for runoff. The 
results Indicate that, on 
no—1111 plots with stover, 
aggregate slaking, rather than 
raindrop Impact, may be the 
dominant mode of aggregate 
breakdown, and that Increased 
soli moisture prior to a storm 
may reduce this breakdown,

8) The presence of stover reduces 
the effect of canopy cover (as 
Indicated by the RxCCI 
coefficient) on Tot P losses,

9) The presence of stover on 
no-tIII plots Increases the 

magnitude of the RxCCI 
coefficient (negative) for 
DMRP, This Is attributed to a 
decrease In the release of DMRP 
from the stover as the crop 
canopy grows.

10) The number of peaks occurring 
on the runoff vs time chart 
during any runoff event may be 
an Important factor In deter
mining erosion losses. This 
factor Is likely the most 
Important 'mlsslng,, component 
character IzI ng rainfall 
patterns In dIfferent years,

l

11) Runoff events which occur 
early In the growl’ng season 
may result In Increased losses 
later tn the year, probably 
due to the establishment of 
rill networks or drainage pat
terns.

This method of analysis, 
using analysis of variance on 
regression coefficients, is a 
useful tool for examining causa
tive agents of differences In 
erosion due to treatment effects 
In field studies under natural 
rainfall. However, the conclu
sions cited above can not be re
garded as definitive, both In that 
they were der ived from one sol I

type In a specific climatic area 
on T% to 9$ slopes, and In that 
they may be somewhat dependent 
upon the form of the model chosen. 
Since, In the course of the de
velopment of the final model, 
numerous models were used, and 
trends In regression coefficients 
did not shift strongly from model 
to model, It Is felt that the 
Iatter problem may not be highly 
consequential In terms of drawing 
erroneous conclusions, but may 
have Its Influence largely In the 
precision of the resulting regres
sion coefficients. In any case, 
the study ra 1 ses numerous po Ints 
which It does not definitively 
answer and which would be of con
siderable Interest for further 
study. Most notable among these 
are the effect of the number of 
peaks per event on erosion losses, 
the effect of early runoff events 
on later ones through the esta
blishment of surface drainage 
networks, the effect of Increased 
surface detention storage on the 
effect of soil moisture In produc
ing runoff, the Importance of 
slaking vs raindrop Impact on 
aggregate breakdown with stover 
cover vs without, and the effect 
of rainfall Intensity on soluble 
phosphorus losses from corn stover 
In fresh and In partly decomposed 
states.

A two year field study was 
conducted to Investigate the ef
fect of surface application of a 
long chain polymer (Polyvinyl 
Al cohol) on runoff, sol I, and 
total and dissolved phosphorus 
losses due to natural rainfall, 
and on corn grain yield. The PVA 
was appl led (at a rate of 20 g/n?) 
In the first year (1984) 5 of 10 
pIots that had been fall pl owed, 
spring disced, fertilized and 
planted to corn. No further PVA 
appl (cations were made; however, 
observations were made on the 
p I ots for two years. In the 
second year the plots were managed 
as a no-t11 I system with all resi
dues left on the surface. Prelim
inary results based on six runoff 
events were presented In the 1984 
progress report. Complete results 
from the study showed the follow- 
I ng:
(It 1s noted that a = 0,05 was the 
I eve I of sIgnIfIcance used for all 
comparisons)
1) The PVA markedly Improved the 

stabllty of soil aggregates to

* Significant at a « 0.05.

Table 2 Total Runoff, Soil and P Losses, 1985 
(means of 5 reps, totals of 8 events)

Runoff 
(cm)

Soil
( kg/ha)

Tot P
(kg/ha)

DMRP
(kg/ha)

Control 4.433 4230 4,288 0.1426
Treated 3.225 2146 2.202 0.0858
DI f ference 1.207 2084 2.086* 0.0568*
s.e. diff 0. 591 974 0.494 0,0187

* Sign I f lean t at a = 0,05

THE EFFECT OF PVA ON EROSION 
LOSSES AND CORN YIELD

M, Marsh and P,H, Groenevelt

Table 1 Total Runoff, Soil and P Losses for 1984 
(Maans of 5 reps, total of 11 events)

Runof f 
(cm)

S011 
(kg/ha)

Tot P 
(kg /ha)

CMRP 
(kg/ha)

Ext. P 
(kg/ha)

Control 6.705 9308 1 1.22 0.2308 0.4246
Treated 2.996 1814 2.96 0.083 7 0.0866
DI ff 3.707* 7494* 8.26* 0.1471* 0. 3380*
s.e. diff 1,044 2485 2.37 0,0483 0.1146
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wet sieving. Stability values 
were extremely high In June of 
1984 and declined with time; 
however, the ratio of the stab
ility of the treated sol I to 
that of the untreated soil did 
not decrease with time. Larger 
aggregates (I. 18 mm to 2,0 mm) 
were we I I stab! I ized by the PVA 
initially, but lost most of 
this stability within the first 
year, Sma I I er aggregates (0,25 
mm to 1,18 mm) displayed a 
greater difference In stability 
between treatments In the 
second year.

2) PVA reduced runoff I osses by 
55% (3.71 cm) In the first 
year. In the second year run
off was reduced by 27$; how
ever, this latter reduction was 
not s Ign i flcant,

3) PVA reduced soil I oss by 81$ 
(7494 kg/ha) In the first year. 
The reduction of 49$ (2084 
kg/ha) in soil loss In the 
second year was not signifi
cant,

4) PVA reduced total phosphorus 
losses by 74$ (8,26 kg/ha) In 

the first year (Table 1) and by 
49$ (2,09 kg/ha) in the second 
year (Table 2). Both these 
figures are sign If leant,

5) PVA reduced d i ssol ved phos
phorus (DMRP) losses by 64$ 
(0,147 kg/ha) In the first year 
and by 40$ (0.057 kg/ha) In the 
second year. Both these values 
are s Ign I flcant,

6) PVA reduced NaHCCU extractable 
phosphorus I osses oy 80$ (0,338 
kg/ha) In the first year. 
(Extractable P was not measured 
I n the second year).

7) Treated plots gave corn yields 
12$ (532 kg/ha) higher than 
controls In the first year. In 
the second year yields were 
4.2$ (193 kg/ha) higher than 
the controls, but the latter 
difference was not slgnl- 
f I cant.

In conclusion, surface treat
ment of the soil with PVA resulted 
In marked reductions In all forms 
of erosion losses In the first 
year. A residual effect during 
the second year clearly exists; 

however, the Influence of the 
polymer Is considerably reduced. 
The Increased stability of the 
surface soli resulted In Improved 
yield of corn. There was evidence 
from the study that the Increase 
In yield may be due to an increase 
In the amount of available mois
ture In the soil which resul ts 
from decreased runoff. It Is 
therefore suggested that addltlor>- 
al research Into the relationship 
between runoff, soil moisture, and 
grain yield could prove fruitful 
In an examination of causes of 
corn yield reductions due to soil 
structural deter(oration.

It Is evident from this study 
that very large benefits could 
accrue to both the producer and to 
society from the use of polymers 
similar to PVA I f they were c I ear
ly cost effective. Research Into 
finding similar polymers that are 
non-toxlc and have non-toxlc 
breakdown products, and which are 
less expensive, could prove of 
considerable value In reducing 
erosion, Improving water quality, 
and maintaining a highly produc
tive food system.

Studies continued at both 
Cambridge and El ora research sta
tions to establish the maximum 
corn yield attainable with the 
above ground environment and to 
determine the I Iml tatlons to yl eld 
(see 1984 Progress Report p. 50-51 
for summary of previous studies). 
In 1985, studies emphasized two 
aspects: 1) the comparison of 
yields on hydroponically and soil 
grown plants, and (2) the Influ
ence of sink strength during grain 
filling on dry matter production.

(1) Comparison of yields in hy
droponic systems and soil.

Two hybrids, Pioneer 3925 
and Pioneer 3949, were grown In 
the hydroponic system at both 
Cambridge and Elora Research Sta
tions, The hydroponic system 
cons I sts of "turface”, a heat 
treated clay material, In 22-L 
palls to which nutrient solution 
Is automatically suppl led at I east 
twice dally through a drip Irri
gation system. The pal Is are

spaced to provide a plant popu
lation of 80,000 per hectare on a 
square pattern. Growth and yield 
of plants In this system was com
pared to that of plants growing In 
sol I at the same plant spacing 
with Intensive management inputs 
(200 kg P2O5 and K^O/ha, 300 kg N/ 
ha suppl tea In Increments during 
the growing season, 100 kg Mg/ha 
and 20 kg Zn/ha, Irrigated using a 
trickle system). Both hybrids 
were grown In soil at Elora but 
only Pioneer 3925 was grown In

Tab Ie 1; Dry matter production and grain yield of hyd ropon lea I ly- and sol l-grown maize at Cambridge and 
Elora In 1985.

MAXIMUM CORN YIELD STUDIES

M.H. Ml Iler and M. Tollenaar

Cambridge Research Station Elora Research Station
ihoot Dry Matter Jitioot 6ry Matter

July Aug. Aug, Final ■ 6~aln July Aug, Aug, Final Q~aln
4 7 28 Dry 11 9 29 Dry

tatter tatter

Hydroponic - 3925 4.3 15.3 21.1 22.7 10.5 4.9 16.2 19.3 23.7 9.4
- 3949 4.2 1 2,0 1 7.4 18.4 8.6 4. 1 12.5 17,4 19. 7 7.5

Sol 1 - 3925 12.2 1 5.9 19.4 9.4 3.2 10.4 15.6 17,9 8,0
3. 2 1 0. 9 1 4. 4 1 7. 2 8. 0



60

soli at Cambridge. The dry matter 
production and final yields are 
presented In Tabie 1.

At both locations, crop 
growth and final yields of Pioneer 
3925 were considerably greater on 
the hydroponic system than In soil 
Indicating the existence of a 
limiting growth factor In the 
sol I, possibly water stress or 
nutrient deficiencies. Total dry 
matter production and grain yields 
were greater for 3925 than 3949 In 
the hyd roponlc system at both 
Cambridge and El ora. In the soil 
at Elora, however, the yields were 
similar. This suggests that 392 5 
has a higher yield potential than 
3949 but that some I Imltlng factor 
In the soil prevented the achieve
ment of that yield potential. One 
posslblIIty which wl I I be Investi
gated In 1986 Is the nitrogen 
nutritional response of the two 
hybrids. Scientists In Indiana 
and Illinois have shown that hy
brids differ In their ability to 
absorb and utilize nitrogen during 
grain filling. We are hypothe
sizing that Pioneer 3925 Is more 
able to absorb and utilize N dur
ing late growth stages than 3949, 
In the hydroponic system, with an 
ample supply of N, Pioneer 3925 
produces a higher yield. In soil 
the supply of N may have been 
limited resulting In similar 
yields with the two hybrids,

(2) Influence of sink strength 
dur I ng ""grain f 11J I ng on dry 
matter production.

An experiment was conducted 
In 1984 (see 1984 Progress Report 
p, 50) In which the spacing of 
h yd roponlcal ly-grow I ng plants was 
a Itered.

Plants were grown Initially 
at 80,000 and 2 0, 000 pl/ha 
spacing. At anthesis some of each 
were transferred to the alternate 
spacing. The plants grown at 
20, 000 pl/ha until anthesis 
d eve I oped severaI ears. When 
these plants were placed In an 
80,000 spacing, severe kernel 
abortion occurred so the final 
seed number per plant was not 
greater than on plants grow I ng 
continuously at 80,000 pl/ha.

A similar study was conduct
ed In 1985 with some modifica
tions, Very Intensive tiller 
development in 1984 created dif
ficulties when the plants were 
transferred to the high density. 
We also thought this may have 
Influenced the 1984 results In 
that there was almost a sol Id mass 
of plant material In this treat-

Table 2: Influence of plant density changes on total yield and on 
yield components In 1984 and 1985,

Plant
Density4"

Tota 1 
Ground 
Matter 
1W"

Above 
Dry

7W

Ora 1 n 
Dry 
Matter

Number of 
Kernels Meart Seed Wt,

1964 1965 1964
Pr tm. 
Ear

1965 
Sec, 
Ears

1964 1965
Pr Im, 
Ear

Sec, 
Ear

( '000's/ 
ha)

80/80

(g/p

332

1)

284

(g/p I)

153 131 495

(no./pl ant)

519

(mg/seed)

313 253
20/80 395 332 138 120 413 464 312 304 203 125
20/20 692 578 324 275 1126 516 471 288 242 219
80/20 428 - 188 606 - - 310 -

First number refers to density at which plants were grown until 
anthesis In 1984 and from July 5 until two weeks after anthesis In 1985; 
second nwnber Is density from that stage until maturity. In 1985 al I 
plants at 80,000 pl/ha density until July 5,

ment. Hence In 1985, all plants 
were grown untlI early July at 
80,000 pl/ha which we thought 
would reduce the tiller develop
ment. It did not, so tillers were 
removed from all palls In the 
experiment when the plants were 
transferred to the 20,000 pl/ha 
density In early July, A second 
modification was to delay the time 
of transfer back to the higher 
density until two weeks after 
anthesis when the I Inear grain 
filling period was beginning. We 
thought this would greatly reduce 
the kernel abortion that had 
occurred In 1984 when the plants 
were placed In the high density at 
anthesis. The treatment In which 
plants were transferred from 
80,000 to 20, 000 plants was 
omitted In 1985 to reduce the 
number of pa I Is requ I red. The 
resul ts of the two years are 
presented In Table 2,

In both years, the plants at 
the lew density (20/20) for all or 
most of the grow I ng season pro
duced much greater above ground 
dry matter, grain dry matter and 
number of kernels on a per plant 
basis than those grown continu
ously at the high density (80/80), 
This Indicates that the genetic 
capability of the plant Is not 
I Imltlng, In 1984 when the plants 
were returned to the high density 
at anthesis (2 0/80), the number of 
kernels per plant was actually 
lower than for the plants contin
uously at the high density Indi
cating that kernel abortion was 
severe. Although the total above 
ground dry matter was greater on 
the 20/80 than the 80/80 treat
ment, the grain dry matter was 
lower. In 1985, delaying the time 
of return to the high densl ty 
until the on-set of linear grain 

filling (2 weeks post anthesis), 
resulted In a much greater sink 
strength (kernel number) than on 
the high density treatment. These 
kernels were distributed over two 
ears (Table 2), Some kernel abor
tion did occur as Indicated by the 
I ower total kernel number on the 
20/80 compared to the 20/20 treat
ment, In spite of the larger sink 
strength, the total grain weight 
was not greater on the 20/80 com
pared to the 80/80 treatment. The 
seed we Ight, part leu I ar ly of the 
secondary ear, was marked ly re
duced Indicating that the plant 
was not able to provide the photo- 
synthate necessary to fill them.

From this study It can be 
concluded that Increasing the sink 
strength does not Increase the 
photosynthetic capacity of the 
plant during grain filling.



(2) All plots received 100 
kg Mg/ha and 20 kg Zn/ha 
as a preplant Incorpora
ted appl Icatlon.

Results
The grain yield for each 

treatment are presented in Table 
1.

Al though further years of 
data are requ Ired before final 
conclusions can be drawn, several 
observations are of Interest,

1) There was only a small 
Increase due to the In
creased population; the 
Increase was greatest at 
the recommended ferti
lity (NjP^).

2) There was no response to 
N above 150 kg N/ha 
appl led either at plan
ting or during the sea
son.

3) There was a small re
sponse to Irrigation; 
this response varied 
between the two hybrids 
and the fertility treat
ment,

4) There was a marked dif
ference 1 n response of 
the two hybrids to the 
very high rates of P and 
K, At the recommended 
rate (NiP, K, ), Pioneer 
3949 y I elded  essentia I ly 
the same as Asgrow RX 
308 (7,62 vs. 7.46 t/ha) 
but with the very high P 
and K trealment (NiP-jIC) 
the yield of Pioneer 
3 949 was much greater 
(9.21 vs 8.39 t/ha). 
This Indicates that, at 
least In the 1985 grow
ing season, Pioneer 3949 
is more responsive to P

*1

and K fertilizer, 
suggesting that It may 
be n ecessary to re
evaluate the fertilizer 
requirements for most 
profitable production of 
current high yielding 
hybrids. This 
experiment will be con
tinued on the same plots 
In 1986,

FERTILITY REQUIREMENTS FOR 
MAXIMUM CORN YIELD

M.H, Miller and W.A, Mi tchelI

In an experiment conducted at 
El ora Research Station between 
1981 and 1984 (see 1984 Progress 
Report, pg. 62-63) marked re
sponses In corn yield were 
obtained to fertilizer appli
cations In excess of recommended 
rates. An experiment to further 
exp I ore these resul ts was 1 n I- 
tiated in 1985 with financial 
assistance from the Potash Phos
phate Institute, the Foundation of 
Agronomic Research and the Ontario 
Ministry of Agriculture and Food,

The objectives were as follows:

1, To establish the maximum corn 
yield obtainable with the soil 
and climatic regime at the

Elora Research Station,

2, To determine the effect of an 
Initial very high P and K 
appl icatlon compared to annual 
recommended applIcatlons,

3. To determine the Importance of 
mid and late season N appli
cations In obtaining high 
y I e I ds,

Treatments
A partial factorial experi

ment was established In the Fall 
of 1984 at the Elora Research 
Station (43° 39'N, 80” 25'W.
Elevation 376 m a.s.l,). Treat
ments included two hybrids (Pion
eer 3949, Asgrow RX308), two pop
ulations (65,000, 90,000 pl/ha), 
Irrigation (trickle) vs no Irri
gation and six combinations of the 
following nutrient applications: 
N. = 150 kg N/ha (as NH.N03) 

preplant Incorporated 4 0
N? = 150 kg N/ha preplant incor

porated + 200 kg 2 weeks 
a fter pl anti ng

= 150 kg N/ha preplant + 50 kg 
N/ha at 2-week IntervaIs 
beginning mld-June to provide 
total of 350 kg/ha

Pi = Recommended P-50 kg P^Or/ha 
1 as 13-52-0 with planter^ 3

P9 = 800 kg P90{-/ha broadcast and 
plowed down in fall of 1984 
plus 50 kg PgOc/ha as for P,

K, = Recommended^ K-120 kg K90/na 
broadcast and Incor porated 
prlor to pl anting

K? = 800 kg K90/ha broadcast and 
p I owed down in fall of 1984 
plus 120 kg/ha as for

Note (1) Only three nutrient 
combinations (hk P, K, , 
N, P9K9, N3P9K9) JeAe 
usee zwittr The lower 
pl ant popul atlon.

Table 1; Corn grain yields on maximum corn yield experiment at Elora 
Research Station.

PIONEER1 3949 ASGROW 1RX308
FERTILITY IRRIG. NOt IRF^IG. "FftRie. " NOT IRRIG.

TRT 65,000 90,000 65,000 90,000 65,000 90,000 65,000 90,000

—■ t/ha (1 5.5j( molsture) - —

r rt [\q
9.05 9.56 8.36 8.99 8.49 8,24 8,24 8.42
9,56 9.49 8.86 8.93 8.61 8.74 8,05 8. 17

n9p9k9 
^pf^

— 9.56 — 8.93 — 8.80 — 8,30
- 8.74 - 7.61 - 7.73 - 7.73

N>9Kf 8.80 8.42 — 8.17 — 7.92
#1 7,23 7.86 7.36 8.05 7. 54 7. 92 7.10 7.29



62

COMPARISON OF ZINC SOIL TESTS 
ADJUSTED FOR SOIL AND FERTILIZER 
PHOSPHORUS

C. Shang and T,E, Bates

Five Zn soil testing methods, 
DTPA, AB-DTPA, Mehl I ch III, 
Baker's equlIIbration system, and 
ammonium and copper acetate, were 
compared on 48 Ontario soils using 
corn (Zea mays L.) as a test crop. 
Soil P, ca I cl urn carbonate, organic 
matter, silt and clay contents of 
the soils used were determined and 
were used along with soli tests 
for Zn as predictors of Zn avail
ability to plants. In a green
house experiment, each soli 
received three rates of fertilizer 
P (25, 50 and 200 mg/1 ) to
evaluate the effect of fertilizer 
P on Zn availability measured by 

soil test. The ammonlirn and cop
per acetate extractant resulted In 
the highest correlation with Zn 
concentration In the corn plants 
(r=0, 604), followed by AB-DTPA 
(r=0, 562), DTPA (r=0.535), MehlIch 
III (0.508), and Baker's method 
(r=0, 339). In multiple stepwise 
regression studies the prediction 
of soli Zn availability was im
proved when soli pH, available 
soli P and applied fertilizer P 
were considered. This was true 
with all extractants. Of the 
extractants tested DTPA, AB-DTPA 
and ammonlun and copper acetate 
were better than MehIich III and 

Baker's method and were al most 
equally effective as predictors of 
plant Zn concentration, when used 
along with soil pH and soil and 
fertilizer P. Plant Zn concentra
tion decreased with Increasing 
soil pH and Increasing soil or 
fertilizer P, Zinc deficiency 
symptoms on the corn plants were 
associated with the high rate of 
fertilizer P and with low extract
able so 11 Zn.

Support for the senior author from 
the government of the Peopl e's 
Repub lie of Ch I na Is grateful ly 
acknowledged.

EFFECTS OF CaCO, AND P ADDITIONS 
ON SOIL SOLUTION? AND P AVAILABI
LITY TO CORN (Zea mays L.) IN A 
PODZOLIC SOIL --------------

R.R. Simard, L, J, Evans and T.E, 
Ba tes

At the margin of the Canadian 
Shield In Ontario, and Immediately 
adjacent to the agriculturally 
productive areas of southern 
Ontario, there are large areas of 
glaclofluvlal fine sands, Al - 
though these Podzolie so 1 Is have 
good physical properties, they are 
Inherltantiy acidic and have low 
fertility. In addition, applied P 
Is retained to a large extent by 
the amorphous SI, Al and Fe com
pounds found In these sol Is, P 
adsorption maxima, calculated from 
Langmuir adsorption studies, are 
approximately 1,4 cmole/kg. The 
addition of lime Is required to 
overcome the toxic effects of Al 
and Mn, and additions of P are 
requrled to Increase P avail
ability, The objectives of this 
study were to Investigate the 
changes In the speciation of P In 
the soli solutions of a Podzolic 
soil as a function of CaC<X and P 
additions and to Investigate the 
uptake of P by corn seedlings as a 
result of these amendments.

The surface horizon from a 
cultivated Humo-Ferrlc Podzol 
(Haplorthod) was used for the 
study. Character I sties of the 
soil were as fol lows - pH 4,4, 
organic matter 4,3?, sand 88? and 
a cation exchange capacity of 13,4 
cmole( + )/kg. To raise the pH of 
the soli, CaCOa was added at rates 
of 0, 0.5, 1.0, 1.5, 2,0, 4.0 and 
6, 0 emo I e/kg. The so I Is were 

equilibrated at a moisture content 
of -10 kPa at room temperature for 
one week. The samples were than 
amended with I^HPO^ to supply 90 
mg K/kg, MgSOL to supply 50 mg 
Mg/kg, NFLNOh to supply 100 mg 
N/kg and enough Cad-UPO.)- to 
supply 125, 250, and 500 mg ?/kg. 
Final pH values ranged from 4,0 to 
5.6. The treaiments were arranged 
In a 7 x 3 factorial with two 
replIcates and each pot pl anted 
with four corn seedlings (Zea mays 
L,). After 1 8 days the pl ants 
were harvested and analysed for 
major and minor plant nutrients.

So 11 solutions from each of 
the treaiments were extracted, 
after removal of the plants, by an 
Immiscible displacement technique 
empl eying high speed centri fug a- 
tlon and tetrachIoroethyl ene as 
the displacing liquid. Solutions 
were analysed for major Inorganic 
anions and cations using atomic 
absorption spectrophotometric and 
auto-analyzer techniques. tonic 
strengths were cal cu I ated from 
electrical conductivity measure
ments and Ionic activities using 
the GE0CHEM computer program. 
Activity coefficients were 
computed using the modified Debye- 
HuckeI equation. The speciation 
of each of the major an Ions and 
cat tons was determined using the 
GEOCHEM program to calculate the 
possible free Ions, Ion pairs and 
complexes found In the soil solu-

Tabl e 1, So 11 solution 
composition as affected 
by CdSOg additions.

Cc£0q 
addeu

Al3 + Mn24- h2po;

cM/Kg |1M

0 39,3 66,9 .366
0.5 19.3 42.8 .459
1.0 20.8 48.6 .405
1.5 15.4 44.6 .391
2.0 2.4 12.1 .408
4.0 4.6 16.5 .307
6.0 2.1 4.8 .294

ttons at the end of the 
exper Iment,

As expected, the contents of 
Al and Mn In the soli solutions 
were reduced by appl Icatlon of 
CaCOh. The lowest rate of addi
tion of CaCtk (0.5 cmole/kg) re
duced the content of Al from 39.3 
to 19,3 p,mole and of Mn from 66.9 
to 42.8 (imole (Table 1), At the 
highest rate of application (6 
cmole/kg) these values were 
reduced further to 2.1 pinole and 
4,8 p,mol e respectively. The 
lowest rate of addition of CaCOs 
(0,5 cmole/kg) Increased the 
concentration of totaI P, HPCL 
CaHPCC, CaFLP0L + and MgHjPO*  In 
solution, Whereas higher rates
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decreased the content of total P, 
CaH9PO(+ + and MgFLPO,+, Contents 
of alP other P species examined - 
HnPO;, FeHPQ• FeH9P(k+, MnHPO. 0 
and + - decreased at ail
rates of CaC(X addition. Contents 
of KH9 PO, 0 and MgHPO, 0 were 
unaffected* by the treatments. P 
addition only Increased the 
contents of CaHPCL °, HoP(V, HP0l“, 
tttHPCL °, MnIUPOL* and CaFLPO* 
when appl led atche hlghestzrare 
(500 mg P/kg), The doml nant P 
species at each pH and P 
appl Icatlon rate was FUPO^-, which 
general ly constituted about 90^ of 
the total so lub I e P,

Solubility diagrams relating 
the activity of FLPO^- to pH for 
various phosphate ml nerals Indica
ted that the solutions were super
saturated with respect to the 
mineral strengite:
Fe (0H)o + H?PQ "

= FePGL.2H90 + 0H" 
log K = -4.07 4 Z 

but undersaturated with respect to 
crystal I Ine Al and Ca phosphates.

The growth of the seedlings 
and the uptake of P were 
stlmul ated by all rates of P 
appl Icatlon, with the maximum 
yield of corn obtained with 2 
cmole/kg of CaCOg and 500 mg P/kg. 
The highest rate of CaCOj 
appl Icatlon reduced the 
concentration of P In the 
seedlings, whereas P Increased P 
concentrations In the seedlings at 
a I I rates.

The application of multiple 
regression analysis Indicated that 
uptake of P was most closely re
lated to the activity of H^PO.- 
and KHpPO, • in the soli solutions. 
The coefficient of determination 
was cal cul ated as 0.67, with P 
uptake (In mg/pot) and concentra
tion of P species (In pmoles) 
related by the following equation:

P uptake = 0.32 + 0.12(H„P0 “) -
57.0 (KH2P04o) Z 4

This equation substantiates 
published evidence that seedlings 
adsorb P largely as H9P0. but 
also Introduces the idea that the 
Ion pair KH9P0. 0 Is Important In 
soils amended with P and K. How
ever, NaHCOg extractable P was the 
so I I parameter most cIoseIy 
related to plant P uptake, presum
ably because it measures both the 
Intensity and capacity factors 
Involved In P uptake.

The major effects of adding 
CaCO^ to the Podzolic soil was to 
reduce the activity of Al, Mn and 
l-LPO^-. The addition of large 
amounts of P not only Increased 
its concentration in the soil 
solution, but also changed its 
speciation, particularly with 
respect to Ca and Mg ion pairs. 
Uptake of P by the corn seedlings 
was related to both H9P0,“ and 
KH2PO4°.

RHIZODEPOSITION OF CARBON AS A 
FACTOR IN SOIL PHYSICAL 
PROEPRTIES.

Shifting cropping practices 
from forage production to row 
cropping appears to have resulted 
in a decline In soli organic mas
ter contents and, concurrently, a 
deterioration of soil physical 
properties. The organic matter in 
the soil, especially the active 
organic matter, depends on two 
processes: input of carbon as a 
result of cropping, and minerali
zation of carbon by soil organ- 
lans. The first process Is the 
one most modified by cropping 
practices. The main obj'ectlve of 
the study then became an investi
gation of differences In organic 
matter inputs directly Into the 
soil via the root systems of two 
crops, corn (Zea mays L,) and 
bromegrass (Bromus Inerm I s 
Leyss.), and to relate differences 
In carbon Input to any change in 
soil aggregate stability and to 
assess the rate of carbon mineral
ization for all components of the 
two cropping systems and evaluate 
any d I f ferences 1 n terms of the 
longevity of a given fraction In a 
f IeId situation.

Plants were labelled with 
by repeatedly pulse labelling 
plants in a greenhouse study with 
*4CCk. The plants were harvested 
and ^the top 15 cm of soli (the

Table 1. RhIzodeposltlonal carbon In the top 15 cm of corn and 
bromegrass cropping systems.

COMPARTMENT BROME CORN BRCME

kBqluC % kBq14C % CORN

TOTAL BELOW (HOUND 3321 100 1563 100 2.12
ROOT 1760 53 672 43 2. 62
EXTRA-ROOT 1561 47 891 57 1.75

plow layer) was sampled. Selected 
samples from each layer were sepa
rated Into root and soil compo
nents and analyzed for total car
bon and Carbon mi neral Iza- 
tlon was evaluated by ^CCk evolu
tion from Incubations of soil 
alone and with root or top mater
ial from both the corn and brome
grass cropping systems. The data 
from the Incubations were evalu
ated using a double exponential 
model to describe carbon loss from 
the system via mineralization.

The distribution of ^C In 
corn and bromegrass systems after 
two years of cropping is depicted 
in Figure 1. It can be seen that 
approximately 40^ of the brome 
material Is In the top 15 cm of 
soli, whereas only 10^ of the corn

material Is In that layer. Of the 
below ground material, bromegrass 
had a slightly higher proportion 
In the root fraction than did corn 
(Table 1), however, In terms of 
absolute amounts, a much greater 
amount of the total material was 
deposited into the top 15 cm of 
soil under brome than under corn.

At the completion of two years 
of cropping aggregate stability 
had Improved In all treatments, 
which may have been attributed to 
freezing and thawing and wetting 
and drying cycles. Only the 
bromegrass treatment showed Im
proved aggregate stab!11ty over 
the control. The one factor which 
was correlated with Improved ag
gregate stablIIty was root 
carbon.

R.L. Thomas and J.R. Davenport
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Table 2, Estimated net annual dry matter Inputs under two cropping 
systems based on 14-carbon partitioning data.

* Approximate yield of above ground dry matter for bromegrass and corn 
(Kargbo, 1973; Sheard, 1984, personal communication),

CROP
PREDICTED DRY MATTER YIELDS

TOPS*
( kg/ha) 
ROOTS** EXTRA-ROOT**

BRCMEGRASS 1 0, 000 3125 2 500
CORN 10,000 562 674

** Estimated Input based on yield of top material and partitioning 
data.

Carbon mineralization from the 
top, root and extra-root compo
nents of corn and bromegrass were 
determined. For both cropping 
systems, the root component showed 
the least carbon loss at the end 

Figure 1, Carbon positioning In bromegrass and corn.of 64 days and the extra-root 
material showed the greatest 
I OSS.

A double exponent model was 
used to describe the carbon miner
alization from the below ground 
materials. The partitioning 
data and expected yield data for 
corn silage and bromegrass 
(Kargbo, 1973; R. W. Sheard, 
1984, personal communication) were 
used to estimate the Input of dry 
matter by the two crops (Table 2), 
Based on the expected top yields 
In the field and the parti
tioning data (Fig, 1), the belcw 
ground dry matter Input under 
bromegrass would be 5625 kg/ha, 
which Is 4,5 times higher than the 
1236 kg/ha estimated under corn. 
Applying the double exponential 
model for mineral Izatlon, the 
amount of carbon remaining In the 
soli from both root and extra-root 
sources was estimated. The length 
of one growing season at the Elora 
Research Station was translated 
Into soli degree days at a 10 cm 
depth. It was determined that 100 
days of Incubation at 25°C (2500 
degree days) was equivalent to the 
2779 degree days calculated for 
El ora between Apr 11 and October. 
Thus, after 100 days, the amount 
of dry matter remaining In the top 
15 cm of soil under bromegrass was 
found to be 3468 kg/ha, whereas 
only 693 kg/ha remained under corn 
(Figs, 2 and 3), If the model Is 
extrapo Iated an add 11Iona I 100 
days, to estimate two growing 
seasons of mineralization, 2539 
kg/ha of dry matter remains below 
ground under brome and 452 kg/ha 
under corn. The amount of dry 
matter remaining under bromegrass 
after two growing seasons still 
exceeds, and In fact Is almost

Figure 2, FYedlcted loss of bromegrass root and extra-root material 
over one growing season.

Figure 3. Predicted loss of corn root and extra-root material over 1 
growing season.
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double, the Initial Input estimate 
for the corn system.

Current research aimed towards 
Improving soil physical properties 
has emphasized imp Iementlng re
duced tlIlage systems. Reduced 
tillage systems serve to Increase 
the amount of surface cover from 
the above ground plant material. 
However, the bel ow ground pl ant 

system Is not modified. The re
sults of this study have shown 
that an Increase In root material 
Inputs, coupled with a slower rate 
of carbon loss through mineraliza
tion, could be the major dif
ference between the .crops which 
effects soil structure. In order 
to achieve the desired Improvement 
In soli physical properties, crop
ping systems which have greater 

root production nearer to the soil 
surface should be used,

LI terature Cl ted,

Kargbo, M. S. 1973. Effects of 
nitrogen on the adsorption of 
surface applied fertilizer 
phosphorus by bromegrass 
(Brojnus lnerml_s Leyss,), 
UnpuE, M/§c7 "Thesis, Univ, 
of Guelph,

CALIBRATION OF THE GUELPH RAIN
FALL SIMULATOR 11

R.W. Tossel I, G.J, Wa I I, W.T. 
Dickinson*  and R. Rudra*

Slmulated ralnfalI has I ong 
been used for Investigations Into 
sol I erosion Iosses, sediment 
transport processes, and the loss 
of agricultural chemicals In run
off waters. Several types and 
designs of simulators have been 
used with these Investigations In 
m I nd. On e of the maj or short
comings with rainfall simulators 
Is that the simulation devices 
have not bean calibrated thorough
ly. Traditionally, simulation 
calibration consisted of measure
ments of ralnfal1 intensity and 
uniformity of rainfall over the 
study (plot) area. Limited 
measurements were conducted on 
Important precipitation character
istics such as drop velocity, drop 
size distribution, momentum, and 
kinetic energy. These character
istics are the fundamental compon
ents of natural rainfall and 
should bean Integral component of 
a simulator calibration.

Extensive calibration of the 
Guelph Rainfall Simulator II (GRS 
I I) Includes the traditional para
meters of ralnfalI Intensity and 
uniformity along with drop 
velocity and drop size distribu
tion. From the data on drop size 
d I str ibut Ion (converted to mass) 
and drop velocity, the momentun 
and kinetic energy can be deter
mined for a given storm Intensity. 
These values are subsequently 
compared with values or models 
from natural rainfall events.

Nozzl e size, water pressure 
at the nozzle, and the height of 
the simulator above the plot area 
all contribute to altering the 
aforementioned calibration para
meters. Therefore, the best suit
ed combination of these variables 
are tested for their ability to 
reproduce natural rainfall.

The standard Christiansen’s 
method Is used to determine rain

fall Intensity and uniformity 
(Chr 1st lansen, 1942), A set of 
catchment containers Is placed 
throughout the study area to catch 
a representatatlve amount of simu
lated rainfall. The average 
volume divided by the average area 
of the catchment containers yields 
the rainfall Intensity, while the 
collective standard deviation of 
each container produces a uniform
ity measurement.

* Dept, of Engineering, Univ, of 
Gue Iph

Figure 1. Rango of ralnfal I Intensities produced by the Guelph Fblnfal I 
St Imul a tor I I,

Utilizing five nozzl es, the 
Guelph Simulator produces rainfall 
Intensities representing a broad 
range of storm events ranging from 
approximately 17 mm/hr to In ex
cess of 200 mm/hr (Fig, 1), Aver
age uniformity varied between 
nozzles, ranging from 80? to 92$; 
however, the overal I average for 
a 11 nozzl es tested was approx
imately 88$, These uniformities 
are comparable to values reported 
In the IIterature and In most 
cases the Guelph Rainfall 
Simulator’s uniformity 
coefficients are higher than the 
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average reported values.

Two methods were used to 
evaluate drop velocity and drop 
size distribution: a photographic 
procedure and a laser technique. 
The photographic method Involves 
dark field Illuminated macrophoto
graphy. Several Images of the 
same drop are captured on film In 
a mu 11 l-exposure photograph. The 
Images provide data on drop sizes 
and the distances between 
mu I tipie-exposures yield velocity 
measurements, A Particle Measur
ing System CPMS) laser probe, used 
primarily by the cloud physics 
sector for naturaI precipitation 
measurenents, proved to be Ideal 
for simulator calibration. The 

FMS laser probe also provides 
simultaneous data acquisition of 
drop velocity and drop size 
d 1 str Ibut Ion.

Preliminary results of simu
lated rainfall's drop velocity 
proved to be comparable to natural 
rainfall for the smaI Ier drop 
diameters (0-2,0 mm). Larger drop 
diameter's velocity proved to be 
more variable, with most being 
below natural ralnfal is terminal 
velocity. Kinetic energy values, 
based on the preliminary data, are 
also comparable to natural precip
itation given the same rainfall 
Intensity.

Further experIndentation using 

the photographic and laser 
procedures a I ong wl th a momentum 
transducer device to determine the 
momentim of the simulated rainfall 
will complete the calibration 
process, Resu! ts of the study 
will indicate how closely the GRS 
II rainfall simulator approximates 
the properties of natural rainfall 
for a wide range of storm Intensi
ties.

LIterature Cl ted:

Christiansen, J.E. 1942, Irriga
tion by sprinkling, Univ, 
Calif. Agric, Expt. Sta. 
Bull. 670.
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Land Allocation and Planning Studies

DEVELOPMENT OF A RATING SYSTEM 
TO EVALUATE AGRICULTURAL LAND AT 
THE LOCAL LEVEL - PHASE 1

S.G. Hi Its

The purpose of this research 
project Is to deveI op a plan for 
research leading to a local level 
agricultural land rating system. 
During this phase of the research 
relevant background material Is 
being reviewed, and a number of 
directions that future research 
might follow are being 
considered.

Three background studios 
have been undertaken as part of 
this review. One of these Is now 
complete and the other two are 
nearing completion. In addition, 
one prel Imlnary rating system of 
climatic capability for specialty 
crops has been prepared.

The first major study 
completed was a study of 
information needs among land use 
planners dealing with the 
protection of agricultural land In 
Ontario (Robinson et al., 1986). 
Intensive Interviews were held 
with a small sample of experts In 
this field In order to develop an 
evaluation of existing Information 
sources and to evaluate new types 
of information which might assist 
these practicing professionals. 
It is anticipated that this will 
provide a basic list of potential 
inputs for an agricultural land 
rating system. The study was 
undertaken In co-operation with 
Prof. Steven Rodd of the School of 
Agricultural Economics and 
Busi ness.

Six specific recommendations 
were made In this study. First, 
It is apparent that the existing 
Canada Land Inventory system for 
evaluating agricultural land needs 
to be more careful ly explained to 
users. In addition, research to 
’quantify*  the C.L,I. would be of 
major use to planners. Secondly, 
f urther research needs to be 
undertaken with regard to climatic 
evaluation of agricultural land. 
There appears to be a wI despread 
misunderstanding among planners of 
the role of climatic Information 
In the present C.L.I. system. 
Th I rd ly, better means for the 
evaluation of land capability for 
specialty crops need to be 
developed. The preliminary study 
r eported on be Icw represents a 
first step In this direction.

On the socio-economic side, 
research on specifying more 
c I early the concept of 1 farm 
viability*  would be very useful. 
It Is also sig gested that the 
value of financial Information 
on farm operations In land use 
planning decisions should be 
Investigated. Finally, research 
to document the nature of 
confl lets between farm and 
non-farm rural land uses, as well 
as on innovative means to 
ameliorate such conflicts, is 
needed.

While each of these areas 
could be a focus of research In 
its own right, together they could 
also contribute to the development 
of an agricultural land rating 
system. However, there appear to 
be serious conceptual difficulties 
to be resolved before this could 
be undertaken. As we I I, one 
dominant finding Is the Importance 
of slmplIcity In any system 
devised. Users of such Informa
tion often have difficulty with 
the existing 7 class agricultural 
land capability system. Any new 
rating system wlI I clearly have to 
be very simple to understand and 
use, to be of practical value, 
especially at the local level.

The third area of background 
research undertaken has been the 
preparation of a rev Iew paper 
dealing with patterns of agricul
tural land loss In Ontario. This 
Is now nearing completion.

At the same time, other 
participants In the project have 
been conducting research on a 
general qua I I tat Ive rating system, 
based on climate, for conmerclal 
fruit and vegetable crops grown In 
Ontario, so that this climate 
rating could be combined with soli 
classes capable of production of 
these crops for I and rating pur
poses. This preliminary study 
grouped these crops Into three 
categories - warm season annuals, 
col d to I erant annua Is and peren- 
nlals - then chose the climatic 
factors that are most suitable for 
rating a region for the crops In 
each category. A four-point rat
ing system was devised to provide 
an assessment of each crop or crop 
group for areas that were 

delineated within climatic zones 
on a base map (Ie, the Corn Heat 
Un It map of Ontario), The second
ary climatic features were spring 
and fall frost dates, spring and 
simmer maximum temperatures, and 
winter minimum temperatures (Brcwn 
and PI ace, 1985).

LI terature Ci ted:

Brown, D.M., and Place, R.E. 
1985.

Land Rati ng for hortlcu I - 
tural crops based on Cl Ima- 
tIc condItIons In south
western Ontario. Presented 
at the Internat. Conf, on 
Mgmt. of Rural Re s. : 
Problems and Policies. 
Guelph, July, 1985,

RobInson, H. E., R.S. Rodd, S.G. 
HI Its, and S.J. Connol ly, 
1986. An Exploration of 
Information Needs for Local 
Level Agricultural Land 
Evaluation. Dept, of Agric. 
Econ. and Bus., Un 1v. of 
Guelph (forthcoming 
Bui Ietin),
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TERRAIN SENSITIVITY ANALYSIS AND 
MANAGEMENT OF ALL-TERRAIN VEHICLE 
USE IN THE CAPE CHURCHILL WILDLIFE 
MANAGEMENT AREA, MANITOBA

J. A, Rzadkl

Recreational all-terrain 
vehicle (ATV) use In North America 
has Increased In recent years. 
Churchill, Manitoba Is one north
ern tcwn which derives many direct 
and Indirect socio-economic bene
fits from commercial tourism and 
private recreation associated with 
ATV anti I ty in the Cape Church 11 I 
Wildlife Management Area (CCWMA). 
The CCWMA is designated for con
servation because It represents 
one of the southern most areas in 
the world with characteristics of 
both Low and High Arctic ecosys
tems. It Is also readily access
ible, A sound management plan for 
the WMA must be developed recogni
zing the Interests of residents 
and visitors to Churchill as well 
as the alm to prevent unnecessary 
and permanent biophysical degrada- 
t Ion.

This research was undertaken 
to obtain the biophysical Informa
tion required to develop a manage
ment strategy for ATV activity In 
the area. It was conducted under 
contract to the Manitoba Depart
ment of Natural Resources with 
additional funding from The De
partment of Indian, Northern 
Affairs and Development,

Field research was undertaken 
in late simmer, 1984, Experiments 
were conducted to determine the

Figure 2. Aerial view of an old army trail traversing beach ridge 
terrain. This trail has not been travelled for between 10 and 20 
year s.

Figure 1. Sedge meadow experimental site after 4 waeks of treatment. 
(From left to right: 5, 20, 10 passes per week transects.

nature and rate of soil and vege
tation deterioration on each of 
three main terrain types In the 
CCWMA, namely beach r Idges, peat 
plateaus and sedge meadcws. Also 
an analytical study was conducted 
to measure the nature and rate of 
soil and vegetation recovery on 
two sets of old trails which had 
not been travelled for approxi
mately four and ten years.

A three wheeled all-terraln 
eye I e (ATC) was used to conduct 
the experiments. Experimental 
treatments consisted of 5, 10 and 
20 ATC passes per week over four 
weeks. The sedge meadow site was 
most visibly Impacted compared to 
the beach ridge and peat plateau 

sites (Fig, 1), As a result of 
as few as 5 passes per week (20 
passes total), there was a signi
ficant reduction In live vegeta
tion cover of 67.5$ and a signifi
cant 2$ Increase in soli moisture 
compared to the control.

Despite an apparent insigni
ficant visual Impact on the beach 
ridge and peat plateau sites, 
there were marked reductions in 
live vegetation cover (17.07% and 
1 1.65$, respectively) at both 
sites resulting from 2 0 passes per 
week (80 passes total). Signifi
cant increases In soli temperature 
at 5 cm depth were observed after 
only 10 passes per week (40 passes 
total) as well as increases In 
penetrometer measurements indicat
ing the probable occurrence of 
compaction at both sites.

The analytical study of long 
term recovery revealed that live 
vegeta11 on r ecovery wa s greatest 
on the peat plateau in as few as 4 
years, but there was an abnormal 
increase in the cover of grass and 
sedge species. There was little 
recovery of lichen, the naturally 
dominant vegetation of the peat 
plateau and beach ridge sites. 
This was evident even on a trail 
which had not been used for 10 
years ( Fl g, 2),

Recovery of soil characteris
tics was greatest on the sedge 
meadow. Thermokarst I ng and great
er active layer depths compared to 
controls were observed on the 
trails traversing peat plateau 
terra In.

In conclusion, recovery of 
terrain conditions would not be 
observed within 10 years even upon 
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closure of currently used trails. 
At natural rates of recovery the 
reestablIshment of vegetation 
which has occurred on old trails 
may aid In stabilizing soil struc- 
ture and temperature. However, 
the nature and rate of species 

established Is sufficiently dif
ferent that tralIs wouId be evI- 
dent for many years. The nature 
and rate of recovery may be ameli
orated through certain management 
techniques. This remains to be 
tested In the WMA,

Detailed guidelines for the 
planning and management of ATV use 
In the CCWMA using the Information 
obtained from this study are cur
rently being developed.

The Natural Heritage League 
Landowner Contact Research Project 
had a successful year during 1985. 
The focus of the research this 
year was on sites Identified 
through the Carolinian Canada 
Proj'ect of the World Wildlife 
Fund. Funding came through a 
maj'or contract with the Ontario 
Heritage Foundation.

The early part of the con
tract i nvolved col I ectIng land
owner and biophysical Information 
on as many sites as possible, 
g I ven that most, If not a I I, would 
be covered by Iandowner contact 
during 1985 or in the subsequent 
two years. Information collected 
Included assessment maps, land
owner lists, air photographs, 
topographical maps, ESA Reports, 
ANSI Reports, wetland evaluation 
reports and Conservation Authority 
maps - essentially anything that 
would allow landowners to be ap
proached most effectively with the 
private stewardship message and 
alternatives for natural area 
management and protection.

Each identified landcwner was 
mailed an Introductory letter 
explaining the program. A tele
phone cal I was then placed to each 
to arrange a personal visit at the 
owner's conven lence. At that 
time, the landowners were present
ed with simplified biophysical 
Information on the site, a copy of 
Season's magazine on Carolinian 
Canada and "Protecting Ontario's 
Natural Heritage Through Private 
Stewardship", The conversations 
covered a wide variety of topics, 
although the focus was on educat
ing the owners on the site's natu
ral heritage values and encourag
ing private stewardship through 
landcwner Initiatives and the use 
of available protection options. 
Other information, such as copies 
of the air photograph, were provi
ded by request.

Three hundred and five out of 
the 320 total owners were private 

- l.e. not Conservation Authori
ties, munclpalItles, provincial 
nor federal government agencies. 
Out of these 305, representing 
approximately 16,000 acres of 
property, 257 were successful ly 
contacted with a personal visit. 
About 90% of those contacted per
sonal ly were receptive to varying 
degrees to the Information pre
sented and the philosophy of pri
vate stewardship. One hudnred and 
thirty-five expressed an Interest 
1 n the Natural Her Itage Steward
ship Award, representing some 
6,000 acres of land, A total of 
25 were interested In some form of 
management assistance, 4 In con
servation easements and 7 In dona
tions for a combined total of 
another 1,000 acres.

A smal I proportion of those 
successfully contacted, about 10£, 
were not very receptive. Most 
commonly, economic pressures tend 
to preclude natural heritage pro
tection and private stewardship as 
priorities among these Indivi
duals. Future landcwner contact 
on these sites should Include this 
sma 11 percentage of owners again 
to determine If they have been 
swayed by the information left 
with them.

Apart from the actual contact 
program during 1985, progress was 
made on two other conponents of 
the research contract. First, 
there has been a good deal of 
fInanclal support generated for 
the program from Individuals and 
organizations other than the 
Ontario Heritage Foundation. As 
part of the fundraising act Iv1- 
ties, approximately $23,000 has 
been raised or pledged to this 
program. That Includes the In
terests of CONE, the Grand River 
Conservation Authority, Wildlife 
Habitat Canada and private 
donors.

Second, the Natural Heritage 
Stewardship Award Is now In the 
final stages of completion. After 

nunerous meetings and consulta
tions with Interested parties, the 
Heritage Award was approved by the 
Ontario Heritage Foundation In 
August, 1985. Currently design 
and mechanisms for presentation 
are being finalized. The first 
awards should be available for 
distribution pending budgetary 
approval In the spring of 1986.

On significant recent 
development has been the renaming 
of the research project. It I s 
now being referred to as the 
Natural Heritage Stewardship 
Project rather than the Landowner 
Contact Project.

LANDOWNER CONTACT/N ATURAL HER I - 
TAGE STEWARDSHIP RESEARCH 
PROJECT

S.G. Hi Its and T. Moul I
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TRANSFER OF KNOWLEDGE
UNDERGRAD TEACHING

Dr. Howard Clark, the 
University’s Vice-President, 
Academic, was recently quoted as 
Sd/ i ng, with regard to the Un Iver- 
slty's undergraduate programs, 
that:

"A major problem for students
Is the content-loaded course 
that emphasizes facts rather 
than problem-so IvI ng and 
syn thesl s",

In Land Resource Science our 
undergraduate teaching program 
continues to develop Innovative 
means of dealing with this Issue, 
Particularly In the science 
disciplines, a university educa
tion does tend to fill the student 
up with ’facts’ without much

opportunity for original thinking 
or research.

The sequence of courses taken 
by Soils and Resources Management 
students In the department, from 
’Problem Solving' In 2nd year to 
'Issues' and 'Decision-making' in 
4th year, is a leading example on 
campus of giving students some 
direct practice at problem-solvlng 
and synthesis. Along the way, 
students have several opportuni
ties to practice oral presenta
tions and group research. As a 
result, skills In these areas 
among graduating students have 
Improved considerably In recent 
years.

The department's under

graduate program also continues to 
achieve excellence and Innovation 
In other areas as well. Valuable 
contributions have also been made 
to our teaching program by special 
lecturers, notably this year 
Stephen Garrod, a Guelph environ
mental lawyer, Walter Glooschenko 
of the Canada Centre for In land 
Waters, and Peter van Straaten, a 
Research Associate, Prof, Peter 
Martini has developed some Innova
tive use of the Vital systems In 
teaching, and Prof, Les Thomas, 
with Cheryl FltzGIbbon's able 
assistance, has played a leading 
role in the ground-breaking 
development of a new Integrated 
course package for al I 0.A,C, 
students. Both of these efforts 
are described further below.

I.P. Martini and S, Sadura

The objective of this pro
ject was to generate a set of 
VITAL MODULES about different 
aspects of geology and make them 
available for students to access 
at their convenience from as many 
stations (terminals) as possible. 
Up to 10 stations are available 
throughout the University of 
ftielph, six of them In the main 
Library, Some students have 
adjusted their home computer to 
capture the VITAL modules through 
a modem.

The project was started 
because Iectures of the intro
ductory geology course are 
offered simultaneously to two 
c I asses. One, 46-100, has a 
laboratory and is designed for 
science students. The second, 
46-104 has no lab and It is pri
marily for arts students, al
though several science students 
take It as well. The combined 
enrolment of the two classes In 
the winter semester Is about 100 
(±5) students. The students of 
the two classes have a var led 
background. This makes It diffi
cult to reach each student and to 
allow each to progress to his/her 
maximum potential through the 
classical lecture approach of 
teaching. A system was needed to 
help and tutor the students who 
needed it most, and to maintain 

the Interest of the more scienti
fically advanced students. Per
sonal tutoring was not possible 
because of I ack of manpower and 
funds. Computer and televlsion 
techniques are available to allow 
students to keep pace with the 
rest of the class and to learn as 
much as one wants In a "not- 
borlng" way.

Two electronic techniques, 
VITAL and COSY, were chosen and 
Implemented primarily for the 
I ntroductory geo Iogy and, as 
refresher material, for two 
senior courses, respectively 
Glacial Geology (46-205) and 
Sed i men to I ogy (46-409). Both 
techniques are being perfected at 
the University of Guelph, VITAL 
Is an educational system which 
derives from the televislve 
TELIDON (VIDEOTEX, NAPALPS codes), 
COSY Is a teleconferencing and 
electronic mailing system. Neither 
one Is bonded to specific hardware 
at the receiving end. With suit
able software, both systems can be 
accessed via certain terminals and 
any computer equipped with modem 
and, for best use of VITAL, a 
color screen.

VITAL allows Information to 
be presented in both simple 
graphic and text form, In full 
colors (everything color coded), 

and with simple movements which 
can synthesize the main processes 
of natural science. Each "screen" 
(page) can be simply prepared by 
anyone with less than one hour 
training. However, the best 
simplification of complex concepts 
Is achieved though close 
collaboration between Instructor 
and talented designers. The 
generation of good graphics, many 
with simple animation, is the most 
time consonlng and difficult part 
of the process. Once the graphics 
are generated they can be used In 
various ways, within one or more 
courses and rearranged to fit 
Isolated lectures and seminars.

The subject matter of 
Introductory geology has been 
subdivided Into 12 topics, 
essentially one topic for each 
semester week (Table 1 ). For each 
topic, about 40-50 graphics have 
been generated In the new VITAL 
median. Several of these graphics 
were derived from classical ones, 
well proven in previous teaching 
of the subject; others were newly 
created,

Graphics are presented to the 
students In four modes:

1, Reference Modules, with
extensive captions;

2, Self-Test Modules, multiple

S. HI Its

COMPUTER ENHANCED TEACHING IN 
GEOLOGY
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choice questions;
3. Lecture slides with simple 

captions;
4, Quizzes (4 each semester) which 

are marked.

Al I this Is optional. If the 
students do not take the quizzes 
or they do not score more than 80$ 
In them, the value (4-5 marks) of 
each quiz Is added to the value of 
the conventional final 
examination,

VITAL provides Information 
and, when fully implemented, 
chai lenge to students. It also 
provides statistics to the in
structor and a relatively easy way 
of testing students with a minimum 
manpower expend! ture. COSY I s 
Instead needed for communication 
among students and instructors as 
well as between the students them
selves. From the students*  point 
of view, COSY is more difficult to 
use. Wh I I e 100 $ of the wl nter-86 
geology class has used VITAL con
sistently and with many repeats of 
the modu I es, on ly 50 $ of the 
class has signed on to COSY, and 
only 50$ of these students are 
very actively Interacting with 
Instructors and classmates.

At Guelph, only the winter 
semester course uses the computer 
enhanced teaching system. The fall 
course (about 60 students) Is, for 
the time being, taught by a 
different Instructor In the con
ventional manner. We like to 
offer such a choice to students 
and maintain It as long as stu
dents are Interested In both ways 
of teaching.

What about cost and time 
Involved In setting up such a 
system? Very little Is needed If 
the system described here Is ac
quired as the basic unit. To start 
from scratch, a considerable 
amount of money and time Is re
qu I red by the Instructors, the 
designers and the computer tech
nical people. Such time and cost 
may be comparable to preparing a 
textbook, or double the effort 
needed to set up a new course. 
However, once most of the material 
I s I n, it can be readily adjusted 
to the part IcuI ar needs of a 
course given at a University or 
through distant education and 
perhaps Hlgh School, and can be 
kept up to date with relatively 
I Ittl e effort,

A project like this has re
quired Input from various groups 
and people. Several Departments of 
the University of Guelph supported 
the project with funds, equipment 
and personnel; among them the 

Department of Land Resource 
Science, the Office of Educational 
Practices, the Ontario College of 
Agrlcutural Sc fence, and the 
office of the Vice-President Aca
demic, The students of Sediment
ology (Fall 1985), Glacial Geology 
and, part I cu I ar ly , Introductory 
Geology (Winter 1986) received the 
first doses of this system. They 
contributed considerably to im
proving the system with comments 
and response.
People directly Involved In the 
introductory Geology project 
were:

Technical derations: 
George Taylor : Manager

COSY:
Carl Gorman : Manager
Tim Cblwll I : Operator

Mark Evans and Alex Campbell 
of the Department of Land Resource 
Science, contributed In Introduc- 
I ng parts of the system to the 
first class of Winter '86, and In 
enticing the students to use and 
benefit from the system.

The project was funded by a 
New Initiative Grant of the Uni
versity of Guelph, with matching 
funds from the Office of Educa
tional Practices of the University 
of Guelph, and some teaching con
tribution from the Department of 
La nd Resource Sc 1 ence. Th e co- 
reciplents of the grant were I.P, 
Martini, T. Gillespie, T, 
Hermmann and W. Sharkey.

TABLE I. VITAL modules for 
Introductory Geology 
(x^aval |able to date, 
others available by Fai I 
1986)

Topic Reference Self
test

ORIGIN OF EARTH X X

EARTH'S STRUCTURE X X

Ml NERALOGY X X

IGNEOUS GEOLOGY X X

WEATHERING - -

GLACIAL GEOLOGY X X

SEDIMENTOLOGY X X

PALEONTOLOGY X X

STRATIGRAPHY X X

STRUCTURAL GEOLOGY X X

METAMORPH 1SM X X

HISTORY OF 
NORTH AMERICA

- -

Name: COSY Id, Subject

I.P, Ntertln I pmartlnl for course 
content and 
teach I ng 
approaches

Les 
Richards lesller for VITAL 

technology

Carl
Gorman cgorman for Infor

mat Ion 
about COSY

Ian I easter for
Easterbrook commercial

ava 11 - 
ability of 
the system

Department of Land Resource 
Sc lence:
I. Peter Martin! : Professor of 

geology
Steve Sadura : Technical co

ord Inator

Uh Ivers Ite I:
Les Richards : Manager
Elizabeth Black : Database Super

visor
Doris Burnfield : Design Coord.
Mary Nairn : Design Coord,
Andrea Nixon : Operator 
Judy Walpole : Design Coord,

For further Information about 
the system please contact:

El izabeth Black, Un Iv er s11eI, 
Blackwood Hall, University of 
Guelph, Guelph, Ontario, Canada, 
NIG 2W1 (519-824-4120, Ext. 2427; 
COSY Id.: eblack), with reference 
to:
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INTRODUCTORY COURSES IN AGRICUL
TURE

R.L. Thomas

The Introductory courses of 
the B.Sc. (Agr.) program have been 
revised with the new program 
starting In the fall semester of 
1985. Whereas the previous 
program was comprised of one 
Introductory course and four 
discipline courses, the new 
program attempts to Integrate the 
subject matter to show that agri
culture Is a system. The present
ation follows the format 
Illustrated In Figure 1.

The first course discusses 
the resources for agriculture and 
Includes both the biophysical 
resources and the economl c re
sources required. The second and 
third courses are production 
courses, but also Include produc
tion economics and marketing of 
the products of the primary 
producer. The fourth course will

Figure 1.

deal with food In the agricultural 
system beyond the farm gate and 
will Include the physical aspects 
of food processing and preserva
tion and also the economic aspects 
of the handling and marketing of 
food.

Throughout the four courses, 
emphasis will be placed on The 
Agriculture and Food System as a 
system with both biophysical and 
economic aspects.
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UNDERGRADUATE EDUCATION

Undergraduate Diploma and Degree Courses Offered During 1985/86*

Course 
Numbers Courses Enrolment

Diploma

87-011 Soli Management for Q"op Production 157
87-020 Land Resources and Environmental Quality 97

Degree

01-140 The Agriculture and Food System I 346

46-100 Principles of Geology (Fall and Winter) 44
46-104 Study of the Earth 97
46-202 Stratigraphy 22
46-205 Glacial Geology 8
46-210 Mineralogy 14
46-218 Geochemistry 15
46-250 Remote Sensing 16
4 6-3 06 Hyd rogeo I ogy 35
46-307 Petrography 12
46-310 Geochemistry and Geology of Fossil Fuels 10
46-404 Geology of Canada 19
46-405 Field Geology 9
46-409 Sedimentology 10
46-411 Topics In Earth Science 13

64-203 Meteorology and Climatology 42
64-204 Meteorology and Climatology 34
64-302 Agrometeorology 23
64-305 Ml croc Hma to I ogy 8
64-406 Micrometeorology 2
64-416 Intermediate Meteorology 6

87-200 Soli Science 352
87-201 Soli In Planned Environments 36
87-250 Problem Solving In Land Resource Science 25
87-302 Soil Genesis and Classification 26
87-305 Land Utilization 24
87-308 Soil & Water Conservation 12
87-510 Resources Planning and Management 15
87-311 Resources Field Camp 17
87-321 Sol Is Field Camp 15
87-350 Land and Water Use In Tropical Countries 16
87-401 So 11 Chemistry 13
87-402 Soil Physics 28
87-405 So 11 Management 50
87-407 Problems In Land Resource Science 7
87-409 Soil fanagement 14
87-410 Soil Plant Re I atlonshl ps 25
87-412 Current Rasources Management Issues 15
87-415 Decision Making In Resources Management 22
87-420 Issues In Soil Science 10
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Graduates In Soil Science, Resources Management and Earth 
Science, June, October 1985, and February 1986

Soil Science Majors

Christopher Attema 
Bever ly Brown I ee 
Walter Hanek 
VIncent Hunter 
Brent Kennedy 
Taras Pojasok 
Anne Rowley 
Alan Seech 
Chee Kwan Tang 
John Van De Kamer

Resource Management Majors

Ian Attrldge 
Margaret Bakelaar 
Kei ly Boyle 
Wl I 11am Craig 
Kevin Dunham 
Lee Gamble 
Sharon Gomez 
Rebecca Goodwin 
Richard Han ton 
Paul Hasenecker 
Ronald l-tathaway 
Katie Hayhurst 
April Ion son 
Sharon Jarvi s 
Lenore Ross 
Br lan Tay I or 
Sheila Walsh

Earth Science Majors

Anthony Bennett 
Richard CTalbbe 
Gordon Ludolph 
Debra Parker 
Mark Schneider 
Michael Schweiger 
Paul Thompson

Geology Minors

Orval Morningstar
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GRADUATE EDUCATION

Graduate students and supervisors - Winter Semester, 1986,

M.Sc. Students Supervisors Ph.D, Students Supervisors

Soil Science Program

Alder, V. R.W. Sheard Abboud, S, T. E. Bates
Campbell, A. D,E, Etrlck Barry, D, M.H. Miller
Hart, R, M.H, Miller Drury, C. E.G, Beauchamp
Jensen, F. L,J. Evans El-Asswad, R. P. Groenevelt
Johnson, T, P,H, Groenevelt Evans, D, M.H, Mil ler
Lu, S, M.H. Miller Fairchild, G. M.H. Miller
Mylvaganam, A. R, Protz Gregorich, E. R.G. Kachanoskl
Ovid, A. P.H. Groenevelt Rachar, D, B,D. Kay
Paul, J. E.G. Beauchamp Reyno I ds, D. D. E. El rick
Pojasok, T. 8.D. Kay Shi pita Io, M. R. Protz
Seech, A, E.G. Beauchamp Simard, R, T. E. Bates
Smith, J, D.E. Elrlck Trudelle, M. R.A, McBride
Tossel I, R, P.H. Groenevelt
Van Wesenbeeck, I. R.G. Kachanoskl
Wblght, D. R.W. Sheard
Young, 0, P.H. Groenevelt

Agrometeorology Program

Fuentes, J. D.M. Brown Edwards, G. GlW. Thurtel I
Kalllomakl, M. T.J. Gillespie Graham, M. G.W, Ihurtell
Shi, G, G.W. Ihurtell Helklnhelmo, M. G.W. Ihurtell

Hopps, P, G.W. Ihurtell
Leclerc, M, G.W. Ihurtel I
McGI nn, S. K, M, KI ng

Resources DeyeIopment 
- Univ. SchooT~of Rural P'iannlng and Development

Charlton, D. S.G. Hilts
Connolly, S. S.G. HI Its
O’Nai I I, 8. R. McEr Ide
Rzadkl, J, S.G, Hilts
Van Patter, M. S.G. Hilts
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Graduate degrees conferred June, October 1985 and February 1986.

Student Degree Supervisor Thesis Title Defence
Date

Soil Science Program

D. Angers M,Sc, B.D. Kay Influence of cropping May 3,
history on compression 1985 
characteristics of an 
aggregated soil

J. Baldock M.Sc. B.D. Kay Influence of cropping Sept. 19,
h I story on soil 1985
aggregation and various 
binding agents

J. Cobblna Ph.D. M.H. Miller Phosphorus nutrition of Mar. 11,
Zea mays L. hybrid 1985
seed I Ings In relation 
to purpl Ing

J. Davenport Ph.D. R.L. Thomas Carbon partitioning, Dec. 10,
deposition and mineral- 1985 
Izatlon In bromegrass 
(Bromus Inerm 1s L ey s s.) 
and corn (Zea mays L.) 
cropping systems I n 
relation to so 11 
aggregate stability

0, Davidson M.Sc. R.W, Sheard The effect of nitrogen: Aug. 19,
Iron solutions on the 1985 
growth and quality of 
creeping bentgrass

J. Richards Ph.D, T, E, Bates Studies on the potassium June 10,
supplying power of some 1985 
southern Ontario soils

C. Shang M.Sc, T, E. Bates Comparison of zinc soil May 21,
tests on Ontario soils 1985

S, E, Shlpltalo M.Sc. W. Chesworth Characterization of Apr, 18,
organic matter from 1985
PodzoIs using sol Id 
state C-13 NMR and 
other techniques

Y, Singh Ph.0. E,G. Beauchamp Fall application and Dec, 16,
nitrogen transformation 1985 
of large urea granules 
In soli for winter wheat

G. SI wale M.Sc. E,G. Beauchamp Response of maize to Apr, 3,
high levels of applied 1985 
fertlIIzer nitrogen

Agrometeorology Program

A, Barr M.Sc. K.M. King The Influence of C0_ May 16,
enrichment on transplr- 1985 
at Ion and photosynthesis 
In maize during short
term changes 1n the 
vapour pressure gradient

R, Brown Ph.D, T, J, Gillespie Estimation of remote July 16,
microclimates from 1985
weather station data 
with appt Icatlons to 
Landscape Architecture
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PUBLICATIONS, PAPERS PRESENTED, SEMINARS

LIST OF PUBLICATIONS IN REFEREED 
JOURNALS

Am I r o, B .0, and T.J. Gl I lesple. 
1985. Leaf conductance re- 
sponse of Phaseol us vulgaris 
to o z o ne f l ux dens Ity. 
Atmos. Env. 19(5): 807-810.

Bhatnagar, V.K. and M.H. Miller. 
1985. Sorption of carbon and 
phosphorus from IIquld poul
try manure by soli aggregates 
of differing size. Can. J* 
Soil Sc I. 65: 467-473.

Bhatnagar, V.K., M.H. Mil I er and 
J.W, Ketchesoru 1985. Reac- 
tlon of fetl I Izer and liquid 
phosphorus with soil aggre
gates and sediment phos
phorus enrichment. J. 
Environ. Qual. 14: 246-251.

Brookfield, M.E. 1985. Ra d I o-
metric dating of rocks north 
of the Indus Suture Zone. 
National Geographic Res. 
Repts., 20: 57-74.

Burton, D.L. and E.G. Beauchamp. 
1985. Deni tr I f I cation rate 
relationships with soli para
meters In the field. Comm. 
Soil Sci. Plant. Anal. 16: 
539-549.

Chesworth, W. and Macias-Vasquez, 
1985. pe, pH and podzol

ization. Am. J. Sc I. 285: 
128-1 46.

Clothier, B.E. and D.E. Elrlck. 
1985. So Iute dI specs Ion dur- 
Ing axisymmetric three- 
dimensional, unsaturated 
water f I ow. So 11 Sc I. Soc. 
Am. J. 49: 552-556.

de Catanzaro, J.B. and E.G. 
Beauchamp. 1985. The effect 
of some carbon substrates on 
denitrification rates and 
carbon utilization in soil. 
Soil Biol. Fert. (accepted 
July 10, 1985).

Evans, D.G., E.G. Beauchamp, and 
J. T. Tr evors. ' 1'985. Su I f i de 
alleviation of the acetylene 
inhibition of nitrous oxide 
reduction In soil. Appl« 
Environ. Microbiol. 69: 
217-220.

Evans, L.J. 1985. Paleosols. In 
N.W. Rutter (ed) Dating 
Methods of Pleistocene 
Deposits and their Problems. 
Geoscience Canada Repr int 
Series 2., Geol. Assoc. Can. 
Pub I., Toronto, pp. 53-59.

Evans. L.J. and B ,H. Cameron. 
1985. Colour as a criterion 
for the recogn Itlon of pod
zol Ic B horizons. Can. J. 
Soli Sc I. 65: 363-370.

Evans,_ L.J« and W, Chesworth.
I 985. The weather I rig of 
basalt In an arctic environ
ment, In "Volcanic Soils", 
edit. E. Fernandez Cal das and 
D.H. Yaalon. Catena Suppl. 
7: 77-85.

Evans. L.J. and W.G. Wilson. 
1985. Extractable Fe, Al, SI 
and C In B horizons of Pod
zolic and Brun IsolIc so I Is 
from Ontario. Can. J. Sol I 
Sc I. 65: 489-496.

Grace, B., T.J. Gillesple, and 
K. J. Puckett. T9&5. Up take 
of gaseous sulphur dioxide by 
the 11chen Cl ad Ina rang I- 
fer Ina. Can. Jour. Bot. 
6T(4J : 797-805.

Grace, B., T.J. Gillespie, and 
K. J. Puckett, 1985, Su I - 
phur dioxide threshold con
centration values for Cladlna 
ranglferlna In the Mackenzie 
Valley, N.W.T. 63 4:
806-812.

Grant, C.D., B,D, Kay, P.H. 
Groenevett, G.E. Kidd and 
G.W. ThurtelT; 1955; Spec
tral'"analysis of m I cropene- 
trometer data to characterize 
sol I structure. Can, J, 
Soli Sc I, 65: 789-804.

Hamilton, D,H., W. Chesworth,
Kennedy, G, and fyfe, tT.
1985. Coordination of Al In 
j adeIte me Its, Geoch Im.
Cosmochlm. Acta 50: 
123-124.

Kachanoskl, R.G. and E. deJong. 
1985. Evaluation of the 
erosion Index for the 
pra Ir les. Can. J. Soli 
Scl. 65: 225-228.

Kachanoskl, R,G», 0, E• Ro Iston, 
"""andE. do Jong. 1985. Spa

tial and spectral relation
ships of soil properties and 
microtopography: I. Density 
and thickness of A horizon. 
So 11 Sc I. Soc, Am, Proc. 
49: 804-812.

Kachanoskl, R«G«, E, deJong and 
D.E. Rolston. 1985. Spat 1 a I 
and spectral relationships of 
soli properties and microtop

ography: II, Density and 
thickness of B horizon. Soli 
Scl. Soc. Am, Proc. 49: 
812-816.

Kachanoskl, R.G., D.E. Rolston and 
E. deJong. 1985. Spatial 
varlabl11 ty of a cultIvated 
soil as affected by past and 
prsent topography. Soil Scl. 
Soc. Am, Proc. 49: 1082-
1 087.

Kay, B.D,, C.D. Grant and P.H, 
Groenevel t, 1985. Signifi
cance of ground freezing on 
soil bulk density under zero 
tillage. Soil Scl, Soc. 
Am, J, 49: 973-978.

Leclerc, M.Y,, G.W. Thurtel I and 
T.J. Glllesplei 1985.“ Lab- 
oratory slmul atlon of evapor
ation of water droplets on 
artificial soybean leaves, 
Ag. and Forest Met, 36: 
1 05-1 11.

Lee, D.M., W.D, Reynolds, D.E, 
EI rick and B,E, Clothier:’ 
1985, A comparison of three 
field methods of measuring 
hydraul Ic conductivity. Can. 
J. Soil Scl. 65: 563-573.

Miller, M.H., J.B, Robinson and 
-------- Gt I I ham. 1985. SeIf- 

sealIng of earthen manure 
storage ponds. I. A case 
study. J. Environ. Qual, 14: 
(4) 533-538.

O*HaI I oran, I .P., R.G. Kachanoskl 
and J.W.B. Stewart. 19857 
Spatial variability of soil 
phosphorus as Influenced by 
texture and management. Can. 
J. Soil Scl. 65: 475-489.

Protz, R,, G.J. Ross and M.J. 
Sh 1 pItaI o, 1985. Hie Influ
ence of texture on clay 
weathering and soil formation 
In mld-Northern Ontario. 
Appl led Clay Scl. 1: 43-55.

Reynolds, W.D., D.E, Elrlck and 
B.E. Clothier” 1985. Reply 
to "Comments on a re-examl na
tion of the constant head 
well permeameter method for 
measuring saturated hydraulic 
conductivity above the water 
table" by Daniel B. Stephens. 
Soil Scl: 139: 192.

Reynolds, W.D. and D.E. Elrlck. 
1985. Effect of cation ex- 
change on cal cul ated hyd ro-
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dynamic dispersion coef
ficients. Soil Scl. Soc. 
Am. J. 49: 39-45.

Richards, J.E., T.E. Bates, and 
S.C. Sheppar<h 19'85. The 
effect of broadcast P appl 1- 
catlons and small amounts of 
fertilizer placed with the 
seed on continuously cropped 
corn (Zea mays L.). Fert. 
Res. 6: 269-277.

Robin, M.J.L. and D.E, Elrlck. 
1985. Effect of cation ex
change on calculated hydro
dynamic dispersion coef
ficients. Soil Scl. Soc. 
Am. J. 49: 39-45.

Rowsell, J.G., M.H. Ml Iler, and 
P.H, Groenevelt. 1985. 
Self-sealing of earthen ma
nure storage ponds. 11. 
Rate and mechanism of seal

ing. J. of Environ. Qua I. 14: 
538-543.

Singh, J.P., R.E. Karamanos and 
R.G. Kachanoskl. 1985.
Spatial var iatlons of ex
tractable micronutrients In a 
cultivated and native prairie 
soil. Can. J. Soli Scl. 65:
149-1 56.

Singh, Y. and E.G. Beauchamp.
1985. A11 e mate methods /or
characterizing nltrlfer 
activity In soil. Soil Scl, 
Soc. Am. J. 49: 1432-1436.

Shulman, 0, and Chesworth, W, 
1985. Ca I cTurn carbonate 
solubility In the C horizon 
of a southern Ontario Canada, 
luvlsol. Chern. Geo I. 51: In 
press.

Soon, Y.K, and T.E. Bates. 1985,

Molybdenum, cobalt and born 
uptake from sewage sludge- 
amended soils. Can. J. Soil 
Scl. 65: 507-517.

Trevors, J,T. and E»G. Beauchamp. 
1985. Reduction o? rTIfron 
oxide by a bacterial Isolate 
In the presence of sulfide 
and acetyl ene, J. Microbiol. 
Math. 4: 127-131.

Yanuka, M. and D.E. Elrlck. 1985. 
ApplIcatIons of computerized 
d Ig 1 tlzatlon to soil and 
plant sciences. Computers 
and Electronics In Agricul
ture. 1(1): 59-73.

Ze bar th, B.J. and R.W, Sheard. 
1985. Impact and' shear re- 
si stance of turf grass racing 
surfaces for the thorough
breds. Am. J. of Vet. Res, 
46: 778-784.
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LIST OF REPORTS, PUBLICATIONS IN 
NON-REF EREED JOURNALS

Holland Marsh, Report to the 
Ministry of Environment.

van Patter, M» and S.G, Hl Its, 
1 985, Some Jmpor+ant wef- 
I ands of Ontario south of the 
Precambrian Shield, Toronto: 
Federation of Ontario 
Natural Ists,

Bates, T.E., H, C, Lang and J,L, 
Bourgre. 1985. How and where 
to use sewage sludge Jn crop 
production, CMAF FAct Sheet 
100/541, revised, order no. 
85-093.

Bates, T,E., T,H. Lane and R,W. 
Jo'hnston. 1985, Soil acid
ity and liming, CMAF Fact 
Sheet 534, revised, order no. 
85-1 05.

Chesworth, W., P. van Straaten, 
J, W.R. " Semoka and E.P, 
MchJhlyo. (1985. Agro
geology In Tanzania. 
Episodes, Vol, 8, No, 4, p, 
2 57/8,

Fischer, J, and R, Protz. 185. 
Evaluation of the Airborne 
Mu 11J spectraI Electro-Optlcal 
Imaging Scanner II :(MEIS H) 
and La nds at Thematic Mapper 
Data for Detailed Soil Sur
veys, Tech. Memo 85-1, 23 
pp, plus folio with 18 fig
ures.

Fortin, M., D,M. Brown, R.A, 
McBride, an3' ’ Place, 

1 $85, Predicting the Impact 
of climate on peat production 
potential Jn Ontario, A 
report prepared by Ecologls- 
tlcs Limited, Waterloo for 
the Ontario Ministry of Ener
gy. July 1985. Technical 
Reort 82 pp. Summary Report 
22 pp.

Gl I lesple, T,J. 1985. Evaluation 
Overload? Teaching Forum No. 
27: 1-3, Univ, of Guelph.

Hilts, S,G, 1985. Petrel Point’s 
Feri: Acquiring and protect
ing It, Seasons 25 (1): 
40-43.

Hilts, S.G, 1985, Private Land
owners: Part II. Private
stewardship. Seasons 25 (2): 
47-49.

HI Its, S.G. and T,C, Moul 1. 1985.
Landowner Contact Pl I ot Pro
ject FJ nal Report: 1984, 
Guelph: Dept, of Land 
Resource Science,

HI Its, S.G. and T.C, Moul I, 1985. 
Protecting On tarJo’s Natural 
Heritage through Private 
Stewardship. Toronto: 
Natural Heritage League,

Kwong, J,KP, , I ,P, Martini and M, 
Na Iraln. (I n press), Ceram- 
1 c propertles of sei ected 
shale and clay deposits of 
south-central Ontario, 
Ministry of Natural Resources 
Report,

Land Evaluation Group (D.M, Brown, 
co-author), 198?^ Socio-
economic assessment of the 
Implications of climate 
change for food production In 
Ontario, A report prepared 
for the Atmospheric Environ
ment Service, Environment 
Canada. School of Rural 
Planning and Development, 
Univ, of Guelph, Publ. No. 
LEG-22. 1 14 pp.

Martin J, I ,P., and J.K.P, Kwong. 
1 $85, Ftearshore sedlents of 
Lake Ontario with special 
reference to Presqu’lle, 
Wellington Bay Area. Ontario 
Geological Survey, Open Field 
Report 5557, 99p,

Martini, I.P, and J.K.P. Kwong. 
19 8 5. Depositional 
characteristics and resources 
potential of the Whirlpool 
Sandstone, Lower Si lur Jan, 
Ontario, Ontario Geological 
Survey, Open FJ Ie Report 
5549, 69 p.

RzadkJ, J.A, 1985. Summary and 
analysis of Information from 
studies on terrain distur
bance associated with All- 
Terrain Vehicle Use In the 
North American Arctic, 
Interim Report or Biophysical 
Impacts and Management of 
All-Terraln Vehicle Use Jn 
the Cape Churchill Wildlife 
Management Area, Wildlife 
Branch Department of Natural 
Resources, Manitoba 78 p,

Sheard, R.W,, J,A. Ferquson and 
----- “fer$TFno'£----- iW--- fota s— 

slum recommendations for 
alfalfa: A computer-based
system, Hlghl Jghts 8: #2,
14-1 6,

Sheard, R,W, 1985, Growing bent
grass on sand - Is fertility 
a problem. Proc, 36 Can, 
Turfgrass Conf., Winnipeg,

Thomas, R.L, and G. Sevean, 1985, 
LeacfiJ”ng of phosphorus from 
the organic soils of the
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LIST OF SEMINARS AND PAPERS 
PRESENTED

Angers, D,A,, R,R, Simard, B.D. 
Kay and P.H. Groenevelt. 
1985, Soil compaction and 
organic matter content. 
Annual Conf, Agric, Inst, of 
Canada, Charlottetown, 
P.E.I,, June 25-27.

Angers, D, A,, B,D, Kay and P.H, 
Groenevelt^ f$85, Influence 
of previous cropping sequence 
on compression characteris
tics of an aggregated soil. 
10f-h Conf, Int. Soli TH lage 
Res, Org,, Gue Iph, July 9- 
12.

Baldock, J,A. and B.D, Kay. 1985. 
Th e ef feet of crop I ng hI story 
on the content of soil 
sugars. Annual Conf. Agric, 
Inst, of Canada, Charlotte
town, P.E.I. , June 25-27.

Baldock, J. A, and B.D, Kay. 1985. 
The effect of cropping his
tory on the stability of soil 
aggregates. Conf, of Int. 
Soil Tillage Res. Org., 
Guelph, July 9-12,

Bates, T,E, and M,D. Webber, 
Sewage s| udge research I n 
Ontario. Invited paper, 
Na 11onaI Workshop on Sewage 
Sludge Use In Agriculture, 
Winnipeg, Man, Sept. 16.

Brown, D.M, and R.E, Place. 1985. 
Land rating for horticultural 
crops based on climatic con
ditions In Southwestern 
Ontario. Int. Conf, on 
Management of Rural Res,: 
Problems and Policies, 
Guelph, July 14-20,

Brown, R,D, and T.J, Gillespie, 
1985, Es t Ima +1 ng ou+door
therma I comfort using a
cyl Indrlcal radiation thermo
meter and an energy budget 
model. 7th Conf, on Blo- 
meteorol., Phoen lx, May 21- 
2 4, 1985.

Brunstlng, S,H, and P,HI.
Groenevelt. 1985. A so 11 
I oss tolerance equation based 
on subsol I characteristics. 
Am. Soc, Agron. Annual Meet
ings, Chicago, December.

Davenport, J.R. and R,L. Thomas. 
1985, Th e deposition and 
decomposition of below ground 
carbon In two cropping sys
tems. Annual Conf. Agric. 
Inst, of Canada, Charlotte
town, P.E.I,, June 27-27, 

d eJo ng, E, and R,G. Kachanoskl. 
1985. Poss 1 b 11 Hies of snow 
management In Saskatchewan, 
Int, Symp, on Snow. Management 
In Agric, Swift Current, 
Sask., July.

El-Asswad, R.M., P.H, Groenevelt, 
and W,G Nicki Ing. 1985. The 
effects of PVA on the thre
shold shear velocity and soil 
loss due to wind. Am, Soc, 
Agron, Annual Meetings, 
Chicago, December,

El-Asswad, R,M. and P.H , 
Groenevel t, 1985. Mo I sture 
conservation In a sandy soil 
due to modification of the 
hydrophysical properties of 
the soli surface and Its 
Influence on the yield of 
corn a nd potatoes. An nua I 
Conf, of the Agric. Inst, of 
Canada, Charlottetown, 
P.E.I., June 23-27.

Gillespie, T,J, and A,M. Howard. 
19$5, dylIndr leal sensors 
for surface wetness duration, 
17th Conf, Agric, and Forest 
Meteorol., Phoenlx, May 21- 
24,

HI Its, S.G, 1985, The Landowner 
Contact Project, Annual 
Meeting, National Heritage 
League. Burlington, Nov. 6.

Kachanoskl, R,G,, I.P. 01Ha 11 oran, 
and J,W.6. Stewart. 1985, 
Spatial transfer functions 
for describing management 
effects on soil variability. 
Amer. Soc. Agron, Annual 
Meetings, Chicago, Dec, 1-5.

Kachanoskl, R.G., P, Voroney, E, 
d eJong and D,A. Renn Ie, 
1985, Variable application 
of nitrogen fertilizer. 
Proc. So 11 and Crops Works
hop, Saskatoon, Feb. 16,

Kachanoskl, R,G,, P, Voroney, E, 
deJong and D. A. Renn ie, 
1985. Effect of stubble 
management on overwinter 
recharge and grain yield. 
Proc. Soils and Crops Work- 
s hop s. Sa s ka too n, Fe b. 16.

Kachanoskl, R.G., E. deJong and L. 
Martz, TT85. DIgItaI ter
rain modelling and the dis
tribution of soils In the 
Iandscape. Proc. Alberta 
Sofi Sc I, Workshop Feb, 19- 
20.

Kay, B.D, 1985. An assessment of 
research needs In frost 
action. Invited paper, Int. 
Conf, on Ground Freezing. 
Supporo, Japan. Aug. 5-7.

Kay, B,D,, P.H. GroeneveIt, D, 
Angers and 0, Rachar, T985. 
The development of evaluation 
of methods to characterize 
soil structure, 10th Conf. 
Int. Soil Tillage Res. Org., 
Guelph, July 9-12,

Kay, B.D,, D, Rachar, D,A. 
Angers, J,A, Baldock. 1985, 
An assessment of methods to 
characterize soil structure. 
Conf, Int’ I Tl I lage Res. 
Org., Guelph,

Leclerc, M,YH., Schuepp, P, H, 
and G,W, ThurtelI. Electro
chemical s Imu I at)on of mass 
transfer from Iso I ated wet 
spots and drop I ets on real I s- 
t Ic flutterIng I eaves. Am, 
Meteorol, Soc,, 17th Conf, of 
Agr, and Forest Meteorol. 
Phoenix, May 12-16,

Marsh, M,H, and P.H, Groenevelt. 
1985. Th e effect of solI 
surface treatment on runoff 
and phosphorus losses. Annu
al Conf. Agric. Inst, of 
Canada, Charlottetown, 
P.E.I., June 23-27.

Marsh, M.H, and P.H, Groenevelt. 
1985, The effect of tillage 
and surface treatment on soil 
and nutr lent I osses by run
off, 10th Conf, Int. Soil 
Ti I lage Res, Org., Guelph, 
July 9-12.

Marsh, M.H, and P.H, Groenevelt, 
1985, The effect of soli 
surface treatments on sedi
ment and phosphorus Iosses. 
Am, Soc, Agron, Annual Meet
ings, Chicago, Dec, 1-5.

Ml 11 er, M.H., G.K. Walker and M, 
To Ilenaar. Max Imum corn 
yield research at Guelph. 
Annua I Conf. Agr Ic, Inst, of 
Ca nada, Charlottetown, 
P.E.I., June 23-27.

Miller, M.H. So 11 degradation in 
Eastern Canada. Its extent 
and impact. Invited paper. 
Joint Meeting of Can. Soc, 
Ag. Ec. and Can, Soc, So 11 
Sc I,, Charlottetown, P.E.I, 
June 23-27,
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Mi I I er, M.H., I.P. O’Ha Horan, G. 
Arnold and D.G. Evans, 
Effect of disturbance of 
no-t III soli on phosphorus 
absorption. Paper presented 
(Poster Session) at 10th 
Conference of Int, Soil 
Tl I I age Res, Org,, Gue I ph,
July 9-12,

O'HaI loran, I.P,, R,G, Kachanoski 
and J, W, B, Stewart, 1965, 
Spatial variability of soil 
properties and Influence on 
soil P forms, Amer, Soc, 
Agron. Annual Meetings, 
Chicago, Oec. 1-5.

01 Ha I Ioran, I.P,, R,G, Kachanoski 
and J.W.B. Stewart, 
Spatial variation of soli 
phosphorus fractions as
affected by texture and 
management. Annual Conf,

Agric. Inst, of Canada, 
Charlottetown, P.E, I,, June 
23-27.

Patterson, G. W., E, deJong and 
R.G, Kachanoskl, 1985,
Ef fect of fall cultivation on 
over winter soli moisture 
storage and crop yields. 
Int, Symp, on Snow Management 
In Agric. Swift Current, 
Sask,, July,

Prgtz, R, and M,J. Shi pita Io,
1985. Soil Fabric - A Cast 
of Millions, Can, Cong, of 
Biol, London, Ontario, June 
23-28.

Simard R.R., L.J, Evans and T.E. 
Bates, 2Inc-pH Interre- 
i a+fonshIps In surface hori
zons of a podsolIc soli. 
Annua I Conf, Agric, Inst, of

Ca nada, Ch arlottetown,
P.E, I., June 23-27.

van Straaten, P. and W. Chesworth, 
1985, Low cost fertilizers: 
Local geo logical resources 
for subsistence farmers in 
Eastern Africa, Second Reg, 
Conf, on the Dev. and Util, 
of Mln, Res. In Africa: U.N, 
Econ. Commission for Africa. 
Lusaka, Mar. 4-9.

van Straaten, P., W, Chesworth, 
J.M.R. Semoka, E.P, htehIhyo. 
1985. The Tanzania-Canada 
Agrogeology Project: Local ly 
available geological re
sources for subsistence farm
ers In Southern Tanzania. 
IDRC sponsored programme on 
Third World Assistance Ini
tiatives, Waterloo, Ontario, 
April,

Brown. D,M« 1985. Review of 
Food-CI Imate Interactions. 
Proceedings of an 
International Workshop held 
In Berlin (West), December 
9-12 1980, ed. by Wilfrid 
Bach, Jurgen Pankrath and 
Stephen H. Schneider. D. 
Re Idel Publishing Company, 
Dordrecht, 1982. xxxl + 504 
pp. Agric, and Forest 
Meteorol, 33: 347-348.

Evans, L.J. 1985, Review of 
"Residual Deposits" edited by 
R.C.L. Wilson. Geological 
Society, London. 1983, 
Geoscience Canada 12: 47,

Kay, B.D. 1985. Can productivity 
be sustained? The threat of 
soil degradation and the loss 
of prime agricultural land. 
In Farming and the Rural 
Community In Ontario: An 
Introduction. Published by 
the Foundation for Rural 
Living, Toronto (under 
review) •

Sheard, R.W., M. A. Haw, G. B. 
Johnson and J,A. Ferguson. 
1985. Mi neral nutrition of 
bentgrass on sand rooting 
systems. Proc. V. Int. 
Turfgrass Res, Conf. Chap. 
41: 469-485,

Sheard, R.W, and E.G, Beauchamp, 
1985. Aerodynamic measure- 
ment of ammonia voltalIzatlon 
f rom urea applied In 
bluegrass-fescue turf. Proc. 
V, Int. turfgrass Res. Conf. 
Chap. 48: 549-556,

Thomas, R,L«, D.P. Stonehouse, C. 
FItzGIbbon, D. Brown and TC 
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